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PREFACE. 


.This report was planned during the period when the Commission was 
charged by Congress with the investigation, not only of the Bocky* 
Mountain locust, but of other insects injurious to agriculture. Hence 
it is divided into three parts. 

Part I embraces chapters on the Eocky Mountain locust and on other 
locusts and the Western cricket. In Chapter I some additional chrono- 
logical facts for the years 1880 and 1881 are given; while Chapters II 
and III contain reports of observations in the northwest territories for 
the years 1880 and 1881 respectively, by Mr. Lawrence Bruner. It has 
been the object of the Commission, since the completion of the work on 
which our first aiid second reports were based, to have the breeding 
grounds of the locust examined annually, as far as possible, with a 
view of Ascertaining the prospects of injury or immunity from its rav- 
ages the ensuing year. Mr. Bruner’s work was in pursuance of this 
object, and the results were given to the public at the time, pending the 
delayed printing of this volume. 

In Chapter IV Mr. Bruner has also given a list of the species of locusts 
known in North America, and some notes on the Western cricket. 

Chapter V contains some interesting data, by Mr. A. H. Swinton,^on 
the probable connection of locust multiplication and migration with solar 
phenomena. 

Part II embraces three chapters, and is devoted to i^opular treatises 
on three well-kuown injurious insects of national importance. 

Chapter VI, by Mr. Biley, treats of the Army worm. It has been pre- 
pared with a view of presenting a full and connected statement of all 
that is known in reference to the insect, and will be found to contain, in 
addition, a number of recent facts and observations not elsewhere re- 
corded. 

Chapter VII, by Mr. Biley, treats of Canker worms. It is also a gen-^ 
eral account of these destructive insects, prepared with a view of bring- 
ing together the more recent discoveries with regard to them. 

Chapter VIII, by Mr. Packard, treats in a similar manner of the Hes- 
sian fly, and is, in fact, a revised edition of Bulletin No. 5 on that insect. 

Part III is devoted to miscellaneous subjects, and contains the more 
technical matter of the repqft. It embraces four chapters relating to 
the development, metamorphoses, and anatomy of the locust and other 
insects, the result of more purely scientific studies carried on with 
the more practical work of the commission. 

Chapter IX, by Mr. Packard, contains a number of descriptions of the 
larvie of injurious forest insects, and is accompanied by numerous figures 
by 1ft. Carl F. Gissler. 
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PREFACE. 


In Chapter X, by Mr. Packard, there is given a partial account of 
the mode of development of the locusts {Caloptenus atlanis and ^retU8)j 
prefaced by a general, but brief, account of the embryology of insects in 
general; a few concluding pages are devoted to some points in the 
breeding habits and development of two bark-boring beetles destructive 
to evergreen trees. This chapter also contains a discussion as to the 
mode of origin of the wings of insects, with a final section on the num- 
ber of segments in the head of winged insects. 

In Chapter XI, also by Mr. Packard, are given the results of extended 
studies on the external anatomy of insects of. the order Orthoptera, 
(to which the locust belongs), together with that of the allied orders. 
This has led the author to propose a separation of those Xeuroptera 
with complete transformations (as had already been done by certain 
German and English entomologists), from the Pseudoneuroptera, and to 
regard these two groups, with the Orthoptera and Dermatoptera (ear- 
wigs), as four orders of a category which may be regarded as a super- 
order, for which the name Phyloptera is proposed. The characters of 
the Phyloptera are given, and those the four above-mentionecl orders, 
followed by some suggestions as to their probable genealogy; closing 
with a conden^d statement of the essential peculiarities of structure of 
the families as represented by one or more typical genera, and illustrated 
by numerous figures. 

The twelfth and concluding chapter comprises a brief description of 
a Cjjlored zoological map of North America, supplementary to accounts 
of the geographical distribution of the Kocky Mountain locust given in 
the first and second reports of the Commission. 

The appendices include (I) early references to the occurrence of the 
Hessian fiy in North America ; (II) extended articles on the Hessian 
fiy, translated from the German of Dr. Herman Low and Dr. Balthasar 
Wagner; (HI) an account of injury to grain in 1869 by the Hessian fly 
in Silesia, from the German of Dr. Ferd. Cohn ; (IV) a translation of 
an account of the same insect, by F. T. Edppen ; and (V) Dr. H. A. 
II agen’s discussion as to the original source of the Hessian fly. 

^ Appendices VI and VII contain brief reports, by Mr. John Marten and 
by Mr. A. J. Chipman, of observations on the Eocky Mountain locust in 
1880; Appendix VIII gives a uiimber of notes on locusts, and especially 
of their injuries and the means used against them in other countries; 
while Appendix IX contains some interesting experience on the Spring 
Canker-worm, by Mr. Martin A. Howell, jr. 

The Commissioners heartily thank the, various correspondents who 
have replied to inquiries, and take pleasure in acknowledging their in- 
debtedness to Mr. A. n. Swinton, of England ; Eev. Samuel Lockwood, 
of Freehold, N. J., and Mr. Martin A. Howell, of Greenwood, 111., for con- 
tributions ; to Mr. L. O. Howard, and Mr. B. P. Mann, of the Entomo- 
logical Division, for material assistance in the preyaration of Chapters 
VI and V II respectively, and to Dr. Carl F. Gissler, for drawings.* 



CHAPTER I. 


ADDITIONS TO THE OHKONOLOGY OF LOCUST RAVAGES/ 

THE HOCKY MOUNTAIN LOC^TST IN 1880 AND 1881. 

This chapter is in continuation of a similar ono in our second report. 
Tlic reader is referred to a succecdiiijjf chaj)ter for data regardin^t the 
locust in Montana and adjoininj^ regions, and also Ibr Nebraska, where 
special observations were made by our assistants in the field. As will be 
seen, the locust comuiittod only local ravagcis, and these in rare cases, 
this year. Tlie distribution of the scattered, thin swarms was pretty 
much as in 1879. 

THE LOCUST IN TEXAS IN 1880. 

'VVliilo no locusts were reported in this State in 1878 (see our second 
reiiort, ]>. 2), swarms of locusts were reported May 17, 1879, at Dallas* 
In tlio aniumiL of 1880 large swarms tlew into the region of Jacks- 
boro, as will be seen by the following extract from the daily pax>er8 : 

111 Jacksboro, Tex., yesterday, iinineiise swarms of frrasslioppers uppearod, coming 
from tlio iiorUj, at times obsciiriii" tlie sun. A farm near liere is completely dcmolisbod, 
even the cotton stalks being devoured. 

Mr. Henry Boll, of Dallas, coiToborated to us this statement, stating 
that at a ])oint 17 miles northwest of Jaeksboro they flew into Lost 
Valley late in September, and that the gToiind was literally covered with 
them. He also saw tliem quite numerously in China Creek, Wichita 
County, near Wagner’s rancli, in October. A few were also seen in the 
air ]>assing over Dallas, October 20-25, 1880. They hatch out early in 
April at Dallas, when the ]>lover are hero to teed on them.” The 
swarms usually arrive early in October, and are apt to injure the new 
winter wheat. 

During onr trip to Texas, in the spring of 1881 , wo obtained the follow- 
ing additional inforniation. At a region thirty or forty miles west of 
Corsicana tlie locusts flew in from the north, in October, 1880, and laid 
eggs, but none had hatched Aj>ril 3, the date of our visit. We were 
told that the locusts had i;"isited Corsicana itself twice only within 
eighteen years, and then tliey came too late to do any harm, the young 
i 1 the spring appearing in scattered swarms. 

Into Tarrant County locusts flew the hist of September, 1880, but in 
^mall numbers. / 

A^. Eastland, the last appearance of locusts was in the autumn of 
' " ’ ' 3 
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1870, Miien tboy llt*w in from the north all alon^if the lino of the Texas 
and Pacific Ivailroad, the northwest winds hrinp^ing them in from the 
‘^plains,’’ whioii extend eastwunl to within about 150 miles of Eastland. 

Ill Indian Territory no locusts appeared in 1880. Three years ago 
locusts flew in at Eul'aula. 

THE I.OCUST IN COLORADO IN 1880. 


The locust was locally a little more injurious in Colorado this year 
than in 1870, but, as will be seen by the following letter from the e<litor 
of the Colorado Earmer, none appeared in the State until late in suinmer: 


Dknvek, Colo., September ‘24, 1H80. 

Dk.vr Sir: In reply would say that locusts appeared in on r parks about the 1st of 
August, bred there, I think, and a few swarins, very local in extent, reacluid the vi- 
cinity of Boulder and Longmont and Denver about the l‘2th of Aiigtist. In a few 
places they were quite thick and slightly injured a few acres of grain and garden 
vegetables. Tliey hav«i not attempted to get far frt)m the ^^foot-hiUs,^' and Iiave been 
working in an unsettled and distracted kind of a way. 8ome have collided, and 
some bored into tbe ground, us if to lay eggs; Imt 1 have hunted somewhat in tlieir 
boles for eggs and only found one bunch, and others whom 1 have requested to hunt 
report fiiuling no eggs. 

I do not have any apprehension of locusts next season, or at least in numbers to hnil , 
but I would not be suiprised if they readied here in in unmbers suHicient to do 
damage. 

Yours truly, 

j. S. STANGER 

Pi of. A. S. Packaim), Jr., 

Frovuierice, R, /♦ 


P. S. — The lociLsts apparently cfliiio from Middle and Norlli Park, and it was re- 
ported some came over the range from the northwest. 

J. 8. S. 


THE LOCUST IN UTAH IN 1880, 

During our journey to Utah, late iii July of this year, no locusts were 
seen or heard of in passing over the Union Pacific Kailroad through 
Wyoming. ^7oiie were seen or had been seen by residents this year at 
Laramie, Kock Creek Station, or in Echo Canon, in Utah. On the 2(jth 
they were seen in abundance at Lake Point, SaltJiake, but no damage 
was done by them. Some Avere heard of below Provo, and inquiries 
elicited the information given below. A lew ai)pear(‘d iii Cacihe Valley. 
The following correspondence shows the distribution of locusts iu tliis 
TeiTitory this year, while Map I will indicate the direction of flights: 

From May 11) to the beginning of .Juno, grasslioj)iif rH were pretty generally present 
throughout Central Ut;ib, but not in great abiniduiice, except in some places near the 
dry benches, where the hatcJiing went on, and young Aviiiglcss Mioppers visited the cul- 
tivated patches, &.c. Hut as a geuonil thing our people know .more of%ie habits of 
these pests and take elFective steps to get rid of Miem. 

Tbe routing them out by digging up and burning eggs appears to be the most 
siiiJi>le method, as 1 stated to you. 
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Memoranda for Dr, Packard, 

May 91, 1880.— Tloaver and surrounding places, “ abundant.” 

May in. — Young lioppcjrs ninncrous ou northeast of Salt Lake City. 

June 11.— Plenty at Springville. 

June 12. — Pro v o V al ley. 

June IG.— Cache Valley. lionches. 

July 2(). — GrasRlio]>peis were l eportod. 

A1.SO early in July, abiindaut on the farm land. 


Muskujm, Salt Lake City, IItati, July 31, 1880. 


My Dkau Sin: I received your postal card. Was extreinoly sorry to learn that 
you had been attacked with chills and fevers, tho very maladies which coinmcnccd 
my late serious illness. I do hope to hear of your speedy reeovory. The note I pre- 
pared for you I inclose. I have, .since I saw yon, heard from Provo and from Juab 
County (from Mona) th.'it about three weeks agotlie ’hopi»cr.s(levch>pi*d snddculy and 
have, done much mischief in places. I forgot to mention to you that I have told many 
of our people to write to yon diriictly from tlieir own homi\s, and I have found that some 
have done so, resi>ecting inscict pests generally. 

Should it be your wish, I can got yon complete statistics at any time by putting a 
request (to oiir leading men in onr settleiiieiits for information) iu our church papers. 

1 a.m (inite .satislied that the migratory ’lioppers secure favorable places in our side 
canons, and even in well -traveled canons, where the ground favorable for do- 
Iiositing eggs. I have scon places where usually foliage abounds quite desolated by 
the overwhelming horde of young Hioppers, wdiicU develop in myriads at times. In 
one side canon (IJrighanfs Fork), in Emigration Cafion, I saw a very curions sight 
in 1S73. The young ’hoppcis 'were there in groat strength. They had eaten every- 
thing green, excopt the foliage of trees growing by the side of the creek, which had 
withered up hy reason of the tent catcrpi!lar.s having taken up a position ou the wp- 
per branches, presenting the appearance of a vast sheet, socom[)leiely had everything 
been covered. Not nniny of these Mioppcrs came down into tbo valley, but a few 
weeks after the Weber Valley bad a visit. Nothing was done to destroy these creat- 
ures ; ill fact, only “ wood-hawd\ers” ever visit such ont-of-tlie-w^ay places. 1 was up 
there looking after a suitable building stone for parts of onr temple, or probably 
tlie singular sight I allude to would have escaped observation. 8omc men with me, 
'who wmrk iu the luouutains regularly, told me such sights aro very common iu the 
forks” of Ked Ibitte, Porloy^s, and otluw cafions of tho Wasuteh. 

How 1 he tent caterpillars got on subsequently I had no means of learning. On tho 
principle of “the survival <»f tho littest,” 1 thiuk the “Mioppers” could escape the 
best to other feeding places. 

I remain, dear sir, yours, respectfully, 

JOSEPH L. BARFOOT, 
Curator of the Salt Lake Museum, 


Dr. A. S. PACKARn, Jr., 

Entomolo(jii‘al Commissioner, tJ'O. 


Salt Lake City, Utah, August 6, 1880. 

Dear Sir: In accordance with figreemont, I take pleasure iu giving yon such infor- 
mation touching the grasshopper as I have been able to pick up in a trip to Frisco, 
the end ol Mm Utah Southern Railroad. Some six weeks since the grasshopper appeared 
ill San Pete valley, doing a little damage. A few have been seen about Provo, Nephl, 
and contiguous regions. At pro.sciit quite a swarm is devastating the district about 
Mona Station, traversing a strip 1 mile wide by 5 long. I saw the insects flying south- 
wai’^ to-day in that region. Their chief damage has boon to oats. 
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The war locust is being seen this season in small numbers on the mountains about 
Frisco. 

Very respectfully, 


Prof. A. S. Packard, Jr. 


E. E. WOOD, 

Assistant Editor Chicayo Evening Journal. 

GRINNICLL, POWKSUIEK CoUNTY, lOWA, 

October 4, 1880. 


My Di*:au Sir: A short time ago I received a letter, which h.ad been delayed, from 
a friend in Kanosh, Millard County,* Utah. He reports as follows; 

^‘Ist. The grasshoppers have laid their egg.s in this loeiility for two years, ahoiit the 
middle of August. 

*‘2d. They have done most damage to barley and wheat. 

'*3<l. The young seem to travel e.ast. 

'*4th. The young receive their wings about the middle of June. 

‘*5th. The old onesreinaiii and lay their eggs here. They are depositing eggs now, 
August 2U. 

‘‘dth. Various plans have been tried to destroy them, hut failed. We think the 
][)C8t is to plow and harrow the land, and if anj" young hatch out, take all available 
chickens to pick tliein. In this way a great many have been destroyed already, but 
they are so numerous that many portions of the lieUls have been completely stripped.” 

This letter was written Aiign.st 29. Before leaving Salt Lake I met with a fri(Mid 
who had seen the ’hoppers at Kanosh, and from his description of them I think that 
they are of the same species as those I sent you. lie also stated that he met a man in 
Kauosh who had lost 10 acres of grain. 

Very respectfully, 


OR. HOWARD. 

THE ROOKY MOUNTAIN LOCUST IN 1881. 


<4 


All our ill for Illation this year coiicerniug iliglits ami solitary aiipear- 
aiices of locusts in the Rocky Mouiitaiii rrgioii is embodied in the fol- 
lowing chapter, by Mr. L. llriiner, containing a report of his ob.ser ca- 
tions for ISSl. The two iiiap.s for 1.880 and 1881 will give the main facts 
in graphic form. 

THl-l LOCUST IN TEXAS IN 1881. 


Wo could not learn that any locusts were hatching out in the State, 
except at one point, as at the time we pas.sed through Texas, Aiiril 1-7, 
the season had been remarkably cold and backward, and it was early 
for them to appear. At Eastland, however, we saw a man who had 
come the day before from Abilene, on the Texas and Pacific Ilailroad, 
ivho informed us that the locusts were hatching out at a locality 10 to 
20 miles west of Eastland, and that in one place he observed them thick 
upon the ground. This would indicate that a scattering swarm laid 
their eggs near Eastland last autumn. 

While, therefore, no damage was done in Texas in 1880 and 1881, the 
locust is indigenous to the plains lying in the northwestern part of the 
State, ami from this region every year light scattering swa]|ns are car- 
ried eastward and southward into the inhabited lower portions of the 
State. But it is only in exceptional and very infrequent seasons that 
the locust will ever swarm into the State in destructive numbers. 

The facts we learqed and the knowledge of the State we obtained, 
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added to our experiences in Colorado and New Mexico, have taught us 
that the locusts which formerly afflicted this State must have been derived 
from the plains in the western part of the State, and from the valleys of 
the Arkansas ami Canadian Rivers, i. c., from western and southern 
Kansas and southeastern Colorado, as well as western Texas and In- 
dian Territory. 

-On Map II wo have inserted the flights and breeding grounds of 1881, 
with some additional flights reported by Mr. Bruner in Chapter III. 

THE LOCUST IN UTAH IN 1881, 


As WO have observed in a former report, every year since 1851, in 
Utah, with two exceptions, and those perhaps are such from defleient 
data, there have been at least a few locusts existing in swarms. That 
some hatched out about Salt Lake City will be observed from the follow- 
ing letter from Mr. Joseph L. Barfoot, curator of tlie Deseret Museum, 
and the extract from the Salt Lake Uerald appended : 


Salt Lakk City, Utah, May 12, 1881. 

Deah Sir: I recciveil yours of May 2, respecting the larviw of Clisiocainp»» which 
I will got for you and send in alcohol. I have put up also in spirit a few specimens 
of the young Mioppers, which I noticed in the Herald, of w'hich I send you a cutting, 
with date. I publish these things, as they reach our people, who seldom see the 
longer papers. The young ^hoppers w'eve observed by mo for a long time. They strug- 
gled for life nobl 5 % pushing the earth away, and, when I olicred food to them, taking 
a rest for a moment to refresh themselves, and then commencing again most vigor- 
ously to free Ihcmsolvcs. Then they w'oiild emerge with a leap of 2 or 3 inches, wo uld 
again rest, as though much exhausted, eat again, and very rapidly become «piite capa- 
ble of taking care of tljeinselves. Dr. Ilober John Richards found the creatures “in 
a perfectly torpid condition,” to use his own words, and “in less than three minutes, 
when they were in loose earth, and exposed to the intluenco of the sun, they became 
lively.” 1 have no doubt that millions of these creatures have been destroyed by our 
people in harrowing the soil after the eggs had been deposited, as well as by the or- 
dinary agricultural operations. 

One of our people has made a simple machine for crushing the grasshoppers. If a 
photograph eau be taken, I will send you one. 

As soon as I get the supplies of larvic, I will mail to you. 

With great respect, I renuiiu, yours, truly, 

JOSEPH L. BARFOOT, * 
Curator. 


Dr. A. S. Packard, Jr., 

Entomological Com mmion. 


GrassiiopI’EUS. — Dr. H. J. Richards, of this city, on Thursday, exhibited specimens 
of young Hioppers hatched from eggs of last season. They were struggling to get out 
of the earth in a very lively manner. It seems that the nest had been broken up by 
the spade or plow, for which reason the creatures could not get out of the nest. This 
shows the advantage of breaking np tho soil where the grasshoppers deposit their 
eggs, as recouimondod in the government reports by the Entomological Commission. 
These very interesting young “^hoppers” will he sent to Dr. Packard for examina- 
tion .— Lake Daily Herald, 
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TBE KOOKY MOONTAIK LOCUST IN MOJITANA IN 1880.' 

On tho nil (lay of July J left Onialia, Nobr., for Saint Paul, taking the 
Chicjago and Nortliwe^tern Kaihvay and the Sioux City and Saint Paul 
Eaihvay, going by way of Sioux City. At Saint Paul I obtained a pass 
over tlici Northern Pacufie, which (tarried me to Green Kivcr, a stage 
station about 100 miles west of Bismarck, Dak. Hero I made some 
collections of the various species of locusts to be found, and also of a 
few data concerning their movements during previous years. From this 
jilacc the journey was continued by stage to Miles City, at the mouth of 
the Tongue Kiver, wlu'rc I again halted to make collections and impure 
into the movements of locusts during previous seasons. At Fort Keogh 
I t(mk passage on one of the Yellowstone line of steamers for Terrey’s 
Landing, at mouth of Big Horn Kiver, making collections at all wood 
stations and stopping places along the route, as well as at the Landing, 
whore I remained about twenty hours. From this place the course taken 
was ui) the Yellowstone Kiver to near Bozeman. During this portion 
ol the trip several side journeys were made and some time S|)cnt in col- 
lecting specimens. 

At Bozeman, where the longest stop was made, I took (piito a number 
of side journeys into the surrounding country and mountains for speci- 
mens j and also si)ent iimeh time in conversing with persons from various 
parts of the Territory iu rc^ference to thcllights and habits of the lo(3ust 
both for the present and past years. From Bozeman the route lay down 
the Gallatin to its junctuni with the Madison and Jeiferson Kivers, thence 
across a high, dry ]dateaa and roidty valley, and again approaching 
the Missouri, which was followed until within about 25 miles of Helena. 
At this place considerable information Avas obtained concerning the past 
movements of the locust, and also niiinerous specimens of the native 
locusts collected at various localities iu the surroundiug country. 

From TIeleua I went north to Fort Shaw, Avhere I remained one day, 
and then joined a small liunting and scouting party going southeast 
into the mountains bordering the Missouri. While here I met a hunter 
and trapper who was on his way to Fort Benton iu a small skiff. I 
joined him, floating down the Missouri to Benton, thus obtaining an 
excellent opportanity of studying the surrounding country and of col- 
lecting specimens. From Fort Benton I took stage to Fort Shaw, re- 

‘ llepo'rt of iuTeoti^atious in Hoiitaua, by Mr. Lawreucu livnuer, mado under direction of Dr. Pa6kard« 
8 
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turning to Helena, and tliencc to the terinimis of the Utah suul Northern 
Kail way, thus having made a pretty thorough tour of Central ^NFoiitana 
and Western Dakota and through the heart of mueh of the ‘^permanent 
breeding” region. 

The Judith and Musselshell Valleys could not very well bo reached 
under the circumstances, as at the time of my j)ussing through no stages 
w(fre runniiig into either of them, and Sitting llull, with his followers, 
occupied a large portion of the country bordering these two basins. 

At noon, July 7, while erosj^ing the country lying along tlie Cluiyenuo 
Kiver of Dakota, locusts were seen in tlie air in small jiumlMirs, llying to 
the soutli -south w'cst. A few' were also seen on the ground. On inquiry, 
nothing could be ascertained in reference, to their ]dace of bretuliiig or 
numbers. It w^ius supposed that they had liatchial in the Ked Uiver 
country, and w-est on the high ami dry table- lands. 1 have, since my 
return, traced this swarm into Nebraska and Ivansas, wdiere they have 
spread over about lialf of these States, and are so scattered that they 
are hardly noticeable. No damage is recorded as having been perpe- 
trated by them. From this locality wa\st but lew" locusts w"ere seen, 
and 1 will talvO the notes as they occur in my Jiote-book. 

OOUNTllY BETWEEN BISHAUCK AND FORT KEOail. 

Hoppers — natives— mimcrous at Green Kiver ami Beaver stations, 
1870. liocusts breeding on liigh, dry Hat north of White Buites. Left 
in early i^art of July to tlie southwest. None this year. Could be de • 
stroyed at this locality by spring lires. Was unable to ascertain from 
wiiich direction they came, but it wasHiouglit they came from the north- 
east. Also at month of Pow'der Kiver nuinerous eggs w'ere deposited 
by a swarm from the northeast (according to the stage-driver). These 
eggs did not liatch tliis spring. No cause kiiowTi for this, but supposed 
to have been the severe winter — cold, without siiow". During last wdntcr 
at Fort Kcogli the thermometer reached a point o'P below’ z(to. Snow- 
birds w"erc seen scratching out and eating the eggs at mouth of Powder 
Kiver (stage driver). 1 also m)ti(jcd various species of birds killing the 
native locusts. This list would include almost all the smaller species* 
of birds inhabiting this section of country. The magpie and crow are 
.among them. 

At Fort ’Keogh, a private in the Army says that swarms of great ex- 
tent were seen on Milk River in early August, 1877. Did not notice 
wiiether depositing eggs or direction they came or w’ent. At Fort 
Custer, large sw^arms in Angiisl, 1878, from nortlnvest — no delinite infor- 
mation obtainable. 

July 19, 1880. — A few young locusts (larvje and pupte) on river bank, 
35 miles above b^ort Keogh. These are principally C. ftpretus and 0. 
atlanis. Could not Lave l)cen destroyed by lire — too wvet in early 
sprinjj. 

July 21. — Numerous 0. hivittatus and other native, species seen along 
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tbo bottoms south of the Yellowstone Elver between Junction City 
and Huntley’s Lauding. None, or very few 0. spretiis — not as common 
as in Nebraska. 

July 22. — Hunter’s Post-Oifiee, IG miles east of Stillwater. A small 
swarm of locusts lu'oeding in hills north of the oilice in 1878, Left in 
latter part of July to the southwest. One small held (lamage<l b}' them. 
Others Hying over a week later to the south and southwest. Numerous 
swarms during 1875 and 187G from west and northwest during July 
and August, and one earlier (about 18G8). Nothing to damage, aud no 
damage done. 

Crow Agency, — No locusts breeding in vicinity of the agency since 
estayished on the Kosebud. A few Hying over in 1878 toward the 
south. Came from the nortli and northwest. Claimed to have come 
from the Musselshell and tributaries, where they hatelied in small areas. 
Every one speaks of them as coining from the north and northwest, 
where they are elaiined to be found almost every year, if not permanently. 

July 2G. — Saw a few locusts at Countryman’s Eanche, on the Yellow- 
stone, a few miles above the mouth of Stilhyater. Some C. spretm and 
G.Jetnur-rubnm ; also several siiecies of others, as Stenoboth rij CEdipodWj 
&c. 

July 27. — Very few locusts of any description on road between Still- 
water and Fort Ellis. 

Jiily2S, — Visited canon southeast of Fort Ellis. A few pu pm of (7. 
spretus and several other Calopteni were found among the rank vegeta- 
tion close to the Callatin. Other species of Amdhhy were inet with 
higher up the mountain sides, buUlhey were nowhere nummous. Other 
insects were also quite scarce — too dry. 

July 29. — Walked into the foot-hills north of Ellis. Found numerous 
young larvjc and inipjc of sc*veral si>ecies of Calopteiins, among which 
were C. spretus and C. atlanis. They were confined to ravines and damp 
localities wlicrq the grass was good. C. bivittatiis was more evenly dis* 
tribute*!, being ecpially numerous even to the moiintaiu tops. Other 
grasshopiiers, perhaps PezotctlLv Dodgei and allies, were cpiite common. 

July iU. — Notliiiig additional in reference to locusts. 

August 4. — Met a “cattle man” who has just come across the country 
from Clieyeiuic, on the Union Pacific Ivuilroad, by route to Fort Fettor- 
maii, theiKie to Fort iteno, then north along the foot-hills of Big Horn 
Mountains to Fort Phil. Kearney, thence down Goose Creek and across 
to Little Big Horn, down to Fort Caster, then up to Bozeman. No 
locusts and but a few natives were seep upon the entire route. This 
being almost through tlie heart of Wyoming and the south locust area, 
is quite conclusive evidence that there are but few if any locusts this 
year in the country traversed by this gentleman. He also informed me 
that he had made special inquiries in reference to locusts in adjoining 
sections and along the route, but that there were none. This entire area, 
be claims, has the appearance of being easily burnt over, and Tdo not 
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tLink that the same diflBiculties are present as in tlie greater portion of 
Montana. 

Atigmi 5. — Met ami talked witli some Flatlioad Indijiiis about locusts 
in the vicinity of Flathead Lake. They left there last fall. . They re- 
ported locusts as being quite plentiful, but not many of the kind that 
“ flies away.’’ Some were depositing eggs and others flying southwest. 
One of tlieni said that he saw locusts on the Judith nearly every year 
he was tliere (since 1870). They also ^reported migratory crickets as 
quite numerous in VVesteru Montana and Idaho. I could not ascertain 
anything defluitc in reference to dates of ap])earance, direction of tligljts, 
and which way th(?y came from, but obtained a little additional infor- 
mation in reterciice to native species, which he said became (iiiite nu- 
merous at times. He also made a drawing of another variety of grass- 
hopper, wliich he said was not at all numerous. Jusft what species he 
refers to I am at a loss to imagine. 

Have just called upon the editor of the A vant Courier^ from whom I 
obtained some information in referemic to the movements of the locust 
swarms of 18G7, 18G8, and 18G9, and also those of 1871, 1875, and 1878. 
These swarms visited tlie Gallatin Valley. 

During the latter part of July and early August, 18G7, immense cloiuls 
of locusts ai)peared from the southwest and came into the Gallatin 
Valley, alighting upon liehLs of grain, and remained over night doing 
mucJi daumge. On entering the valley tiunr course was slightly changed 
toward the east, in which direction they disappeared, with but few ex- 
ceptions, where small numlxu’s were known to remain and leave their 
eggs. Of these few nothing further seems to be known, except that in 
the following spring a few small sjmts svere partially denuded by the 
young — all coiilined to the high lamls. The juajor portion of the swarm 
of 18G7 continued its llights eastward and was* soon lost sight of, at least 
to the inhabitants of Montana. 

Again, in the summer of 18G8; large swarms came into tliis valley from 
the same direction, but somewhat later in August. They remained and 
deposited their eggs over the greater part of Gallatin County in suitable 
localities, as hard, sandy hillsides. After they had dej)ositi‘d their eggs 
they died by thousands, which fact aj)peared very (pieer to the inhab- 
itants, who were ignorant of their habits, and did not know that the 
locust’s mission eiuU d with oviposition. 

The lay of this valley is rather peculiar, having once been the bed 
of a lake. On receiving an outlet to the north it gradually washed 
away at that end, thus fonning an inclined valley, with a grade of almost 
50 feet per mile. Hence the north end of tlie valley is about two weeks 
earlier than the south end. Early in the following spring those on the 
low lauds hatched in great numbers, and took crops clean as they wenty 
while farther up the valley the weather was more backward and wet, 
and the damage was much less. These, wlien they matured and had 
wings, •left in various directions, but principally to the east. From 
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this time until 1874 and 1875 there was no damrige clone in this part of 
Montana, and but few locusts seen in the air. Hence, nothing like re- 
liable data can bo had in .reference to their inoveinents* 

In the summer of 1871, during the months of July and August, great 
and destructivo swarms poured in from the east, where it is claimed 
tliey hatclu'd throughout the Yellowstone, Musselshell, and Judith 
basins 5 and to this etlect I have much information irom various sol- 
diers who S])ent this and the previous summers in these basins. 

Some of these diiposited their eggs, while the majority continued west- 
waid and southward. Considerable damage was done in the spring of 
1875 by the young. 

From this time on notlnng more was seen of the loeiivsts in the Galla- 
tin Vallc\y until the snminer of 1878; bnt the greater portion of the 
Northwest, the Judith, Musselshell, and the Big Horn ciountries, were 
overrun by swarms of them that were produced in these several sections 
during the summers of 1873, 1874, 1875, 1870, and 1877. Of the move- 
ments of these dillerent swarms I could not obtain any dcilinite iiifor- 
mation by wliich I could trae^e tliem as 1 did those of 1878, but obtained 
enough to enable me to partially keep track of them. They seemed to 
S])read over the greater portion of the “permanent’^ and “sub-perma- 
nent” regions, as mapped out in the report of 1878, and finally over the 
entire portion known to over receive invasions, from this species of 
locust, attaining the maximum in 1875-77, from which time they have 
been growing less nurnerons and injurious until the present, when but 
few small swarms remain in the. entire area. 

Agaiii, in August, 1878, the Gallatin Valley was invaded by swarms 
from the northi»ast. None, lioAvever, remained to deposit eggs. They 
passed on to the south and soutliwest — probably the same swarms 
that invaded Idaho and Utah Territories from the north-northeast, of 
the same yearj and which we saw during August while in these Terri- 
tories. Tliey came from the Judith and Musselshell Valleys and far- 
ther north, and are identical with those seen about one week previous 
near the Milk Kivt*r and Missouri, 

Avgust 0. — Met a gentleman who informed me of the presence of 
locusts (G. sprcUis) in the vicinity of Butte, in western Montana. They 
were Iiatched there, but nj) to time of writing no great amount of dam- 
age lias been done by them. Just liow' niucli territory tliey covered I 
could not ascertain, but do not think it groat. Have been in this vicin- 
ity since and found but very Ibw, hardly as numerous as they are in 
the jMissouri River region of Nc'.braska and Kansas in years not visited 
by locnst swarms. This disti*ict is drained by one of the tributaricis of 
Hellgate River, a brancli of the Columbia, and is quite mountainous. 
The entire surrounding country is a mining district, and but little farm- 
ing is done. It is supposed that these few originated from tlie rem- 
nants of swarms tliat were hatched in the neighborhood of Flathead 
Lake and a few other isolated localities in the spring of 1879, and left 
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in a southwestern direction, depositing eggs at various localities on 
their course. 

Ill gliwicing over the Butte WeeJcIy Miner of August 3, 1880, T liud the 
following local: 

At Wallji Wasli., whole lioldrt of standing gniiii aro being sold for from .f5 tt> 

$8 per acre. Some of it hnif bvtui allavlicd hif /jrasHhopperti^ and some foil a prey 

to the scorching hcjit, but sucli grain, if cut in lime, will make excellent hay. 

From tliis 1 would infer that there are some locusts in l^"a.st<'rii Wash- 
ington Territory and Oregon. 

Auyiost 7. — Have learned no new facts to-day in reference to the 
Ko(?ky Mountain locust, but have been stndying the map in connection 
with niy notes, and tind that there are three ])rincipal directions by 
which swarms come into the (jrallatiu V'alley, vi/., sontlnv(\st, east, and 
northwest. Those coming in from the east and southwest I have 
traced heretofore, but those coming from the north 1 have not; hence, 
will do so now. All that country lying to tlie north and W(*sfe of Fort 
Benton to the base of the main Uoelvics is a suitable breeding-ground 
for liMiusts, and at times is partially overrun by swarms. It is during 
these years that, providing the wind is favorable, the (Tallatin \''alley is 
almost sure to be visited; but this A-ast tract of eoiinlry, like all others 
in tliis the ‘‘ permaiieiit” region, is only octiasionally occupied by them. 

In the (lallatiu Valley the young b(>gin to hatch about the middle of 
May — soon after tlie snow is off the ground — and continue to ai)pear 
until tJie Ist'of June, according to locality and melting of incumbering 
snows. vVfter hatching, it has been noticed that the majority of the lit- 
tle ‘-fellows” move in the saiiio direction taken by the parent swarm (?). — 
perhaps from inborn meinoi*y or instinct. With a knowledge of this 
fact, the farmers construct ditches, wliere they do not already e.vist, iii 
their course, and turn water into them. When the little locusts come 
to these they jump into them, and are washed along by the ciUTCnt to 
places where obstructions are so i)laccd as to form an eddy. Above 
these eddies are fastened vessels tilled with coal-oil, and so arranged 
that a contimial dro])))ing is obtained. This oil on the surface kills the 
young. Another inetliod adopted issiin^dy the fastening of bags, into 
wdiieh the Tioppers are washed and drowned by the current. These two 
methods have b(?en so successfully usisl as to save the greater portion of 
the crops in some localities wliere employed. In fact, I am informed 
that the farmers do not dread the young any more than Ave do in the 
more thickly settled portions of the States, Other means have been 
tried, blit with inditferent results^; and since there is seldom any necessity 
of eonstructiug; other ditches tlian those already made for irrigating pur- 
poses, the labor and cost is trifling. It is claimed that one gallon of 
coal-oil, at the cost of 75 cents per gallon, will kill se\"cral bushels of 
locusts. Birds, too, are •becoming more numerous than fjorinerly, and 
hence tlie destruction of locusts (young and old) by this moans is in- 
creasing. 
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The young attain their wings during July, when they leare either to 
tlie southwest, east, or north, very seldom remaining to* deposit their 
eggs. 

During the summers of 1874 and 1875, as \vell as 1878, the locusts 
were so numerous at llozemaii that they entered stores and eat lioles in 
the various kinds of goods. Tiiey came from the northeast to east, 
probably from the Judith and Musselshell basins, and north. Some 
were hatched on the Judith in 1874 and left toward tlie west and south- 
west (Goodale). Others came from the Milk River and north. One 
company of troops going through this section mentions the appear- 
anec of vast swarms of locusts coming froin the northeast and going 
southwest. Tliey were coming and going for more than • one week. 
This was in August, 1878. Some of the men with whom 1 spoke say 
that the roar of their wings was much like the sound of a tornado. 

While at Fort Keogh, the i)Ost gardener told me that one time a friend 
of his was up in the Big Horn Mountains and saw ^‘the grasshoppers 
piled up 2 feet deep on the surface of snow-drifts’’; but he could give no 
dates or particulars in reference to size or species of locusts. 

August 10. — Between Bozeman and nelena the country is mostly high 
and dry, witli many rocks scattered about over the surface. Tlie val- 
leys are small, but f ertile. This year there are but few migratory locusts 
in this section, not even as many as ot* the various other species. Out- 
side of the genus Oaloptenus, tlie natives are mostly freipieiiters of higli, 
I dry soil, where they can do no particular damage. 

Angxisit 11. — Have been out collecting locusts, but succeeded in find- 
ing only two or three G. spretns. Idid, however, i)rocure about twenty- 
live species of natives, all of which arc quite abundant. Tliese are 
almost all mature, but I noticed a few tiiat had just hatched, and 
others in various stages of growth between the ne.wly hatched and ma- 
ture iiuprn. I also found a few of the inigratoi y crickets. 

To-day (August 12) was s])cut walking about among the IVmns in 
Prickly Pear Valley, northeast of Helena. No C. spretus seen, but nu- 
merous natives on tlie dry grounds bordering the valley. Am informed 
that these never venture upon or do damage to crops. Tliey are par- 
tial to wild land, and particularly such as is high and dry. 

The migratory locust lias been an almost iiermanent resident of this 
valley for the? space of five years, or from 1874 until the fall of 1879; 
and it lias been claimed by some that early this spring quite a large 
area of country was occupied by young just southeast of Helena, in the 
foot-hills. Tin's 1 liardly think true, sbice I visited the locality and 
found only natives (a few C. atJams, G, Jhmir-rvhrum, G, hivittatiis, 
several smaller siieiaes). Tlu'se were confined to that jiortion of the 
foot-hills just below timber line.' 

The migratory locust first appeared in this valley in July, 1874. It 
came from the east in great clouds, left eggs, and for the following 
years (1875, 1870, 1877, 1878, and 1879) was a permanent resident of this 
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section. Durin|]^ tbe snmmer of 1S75 it was most miinerous and dc- 
structive. Am informed tliat this year the crops were nearly all de- 
stroyed, and even about onc lialf of the hay crop fell a i)rey to them — 
L e., the young:. They were full Hedged by the middhi of July, and left 
toAvard the south, and southwest. This was true of every succeeding 
season in which thcTe were locusts. They dwindled down, year aft(‘r 
year, mitil this year there are not enough of them to ])rocure cabinet 
specimens. They kept coming in from the east and northeast every 
year until 1878. Tins swarm originally came from tlie Judith and Mus- 
selshell, where they were liatehed in the spring of 1871, their ]>ro- 
genitors Jiaving remained in the last-nanied <muntry during 1871-78 
(Trapper). In Ih-ickly Pear Valley no decided ste]>s were ever 
taken to destroy them. Ditches were employed by a fiiw, and ])ortioiis 
of crops saved, but the majority of lields were forsaken to the enemy. 

All old (lerman told me of a method he hatl used for several days 
to keep otf the winged locusts, but which lui said was ‘‘no good,’^ 
for one morning liis grain was all gone. The jdaii was as follows: Two 
men on horseback rode through the lield dragging a rope between them, 
thus starting the locusts flying. 

In 18(18, at this pla<je (Helena) there were locusts. They came from 
the east (Miiinesola, as my informant remarked), and were so numerous 
tliat, as he claims, while driving oxen ho “couldn’t see the front yoke.” 
Some eggs deposited, but could learn nothing of them the following 
season. 

August 1(5. — Last summer, just southeast of Helena, in the foot-hills, 
quite a lot Avore hatched from eggs left the previous fall (1878). Tliey 
covered an area about 3 miles in Icngtli and betAAcen 1 and 2 in Avidth.. 
The young at first api)eared quite lively, but soon became ratli(‘r lorjiid, 
the effect of much rain and siiOAV. Jjarge numbers of them died, qiid 
about the time the remaining fcAA" reached the pupa stage a large flock 
of curloAvs {Niimeiiius Umgirostris) alighted on the locust area and de- 
stroyed them. 

A miner, in speakiug of locusts in 1874, says they used to congregate 
in great numbers in and about the sluice-boxes and on the gra vel heii])s 
during the cA'eiiings. By morning they had become so benumbed by 
cold that they could not inoAc. “One morning,” said he, “f turned on 
tlie liose, and in less than twenty ininuttss had succeeded in lodging, at 
least calcuhition, tAveuty bushels of ’hopjUTs in my neighbor’s garden.” 
They revived witli the lieat of noonday. 

August 17, — No migratory locusts between Helena and Fort ShaAv. 

During tlu' siimnior of lliern was an invasion at A'irginia City from the south. 
Coiisidcrahlo dainago was done to tlioso living in the valley, while those living upon 
the foot-hilv j cdoser to the mountains, cscap«?d, tlic wind ean-j ing the locusts over 
tliom.--(John K. Drew.) 

All the incoming swarms in the Aicinity of Virginia City come from 
the south and southeast, and all outgoing sAvarms eitlu^ji take a soiitlierly 
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course toward tljc Suake Iiiver or a nor tli easterly course to tlie Galla- 
tin. JMr. Drew also {^avc j)ie a lew additional tacts in reference to the 
swarm of 18li8 in tlie vicinity of Helena, where they “came in from the 
north,’' as he states, “striking* the buildings on thesoutii side of tlie street, 
and tVdl down in sncli large niinibei*s as to Ibrm -drifts’ of ’hoppers.” 
^J1iey left seme eggs, as iji fact he claimed they do every year that they 
visit any section in this part, of the territoiy. lie sni>posed they were 
lunched in the vicinity of f'lathead Lake and the eastern foot-liills of 
the Itockies north of Sun Liver. 

A tier this Ihe next swaiins tluft he noticaal wme those of .1874, coming 
in from the east to southeast. From this on they were with iIkmii 
annually up to last year, when t hey disappeared to the west and southwest. 
The damage during this succession of years was great in the Sun lliver 
Valley, but tlie years of greatest suifei*ing were those between l871-’78. 
Says he: “ In tlie spring of 1877 the young were so nnmerons that the 
ground was completely liidden by them in many loealities.” The pre- 
vious summer, 1870, great swarms came in from the southeast, and de- 
posited their eggs iu (piaiitities that e.oiild hardly be believed. Tlie 
young wen*, hatched early in May, and left as soon as attaining wings, 
iu the latter part of June and early July. They lloNV to the west and 
southwest. 

Here similar methods were adoptcMl to those mentioned heretofore 
for the di^struction of the young, viz., ditehes, Some farmers do 
jiot jmt in their crops until the young are all hatched and they have 
cleaned them otf by burning straw, iK:c., over the lieldsj but this plan is 
not a good one, since in this country grain reipiinis the mitire summer 
to mature, and if not put in early in spring is liable to be hurt by early 
frosts. 

At this post similar methods were employed for the destriictioii of the 
young, and, while the incoming swarms threatened, an occasional dis- 
charge of muskets and artillery seemed to produce the desired etfectof 
keeping them iu the air. 1 am informed that in close proximity to the 
cannons the ground was strewn with the bodies of dead locusts, proba- 
bly killed by the shock occasioned by the discharging guns. 

I hear that a few migratory locusts have been seen in the vicinity of 
the south fork of Sun Iiiver, about 40 miles west of Shaw, but over a 
very limited area. 

Aiujust 19. — between l^'ort Shaw and the Missouri Diver lies a largo 
dry flat, on which at various times numerous locusts have bred, but 
this district, like all others, a]>]H‘ars to [le entirely fr(?e from them this 
season. In fuet, there are fewer of V. spreim in Montami this season 
than of any other species. 

Avfiuat'Ii ), — During thre(‘- hours’ hunt for locusts I found but three 
C. Hpreius. Caught many for trout fishing, but with above result. No 
damage mentioned in this vicinity since 1870. Came from the southeast 
and east. 13 ut little farming done here, and not much grazing. 
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August 23. —A few locusts (0. spretus) on the Ipw bottom lands 12 
miles nortli of the Fort Shaw and Camp Baker crossing. Not numer- 
erous enough to do any daiuiige. Hatched here. No grazing or farm- 
ing in the vicinity. 

August 20. — A few locusts on table land between mouth of Sun Eiver 
and Great Falls of Missouri. Numerous Pezotettigi in cooleys brandl- 
ing out from canons. . 

Interviews with diflerent persons who spend the spring and siininier 
in the Judith and Musselshell basins all show that this year there are 
no locusts except natives in the country bordering on and drained by 
these two rivers and their tributaries. Several say they could scarcely 
find enough ^ho]>pers to bait for fish. During the latter part of July 
and early August, 1870, while in these two valleys, saw numerous 
and large swarms moving west for three weeks. They were hatched in 
this country and north. Also swarms in August, 1878, moving south, 
supposed to have been hatched in the British provinces, north of As- 
siniboine. Also re])ort of swarms occurring in these basins from 1873 to 
1870 — one year in particular, when they Hew in such numbers as to ob- 
scure the sun for three days (Goodale). We cannot give the dates or 
direction of flights for these years. 

Northwestern Wyoming was visited by swarms in August, 1878, from 
the northeast and flying to the southwest. They were so^ravenous as 
to eat articles of clothing left lying on the ground (Soldier). 

lieport of a small swarm of locusts flying eastward through Wyoming^* 
along route of Union Pacific Railway last suinmer, 1870. Could ascer- 
tain no dates or particulars. 

Reports from British America claim no locusts this year in the imme- 
diate vicinity of the line adjoining %lontana ; nor can 1 learn of any in 
the Milk River country. But in the spring of 1878 great numbers were 
known to breed both in the Milk River country and the British posses- 
sions adjoining. Never saw many locusts in the mountains of British 
America where he was prospecting for a number of years (Miner). 

From these data it would appear that the present year finds the en- 
tire Northwest comparatively free from this great pest, and probably 
the entire country. Of course, as I have already mentioned, there are 
a few isolated areas over which small numbers of this species still exist; 
but those which I visited are so small and the locusts on them so few 
that I do not think they will migrate or increase to sufficient numbers 
to do damage for the next three or four years, and perhaps for a much 
greater length of time. It is true reports have come from several locjali- 
ties that croiis were partially destroyed by “grasshoppers,” but might 
they not be other siiecies*? If they were of the migratory kind, I should 
think that we should hear more of them than we do. 

ENEMIES OF THE LOCUST IN THE NORTHWEST. 

.Some might think that in this out-of-the-way country the locust would 
be entirely free from enemies of all kiuds^ but such is not the case. 
2ec 
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During my sojourn in Montana T noticed several species of Tacbina flies, 
wasps, ichneumons, and other insects preying upon the common species 
of locusts, and 1 am satisfied that they must also attack the migratory 
individuals. Besides these there are several varieties of small red mites 
thatare occasionally found attached to various species of locusts, crickets, 
katydids, and even beetles. These are the young of a class or group of 
mites that, as a rule, live upon the eggs of insects, particularly those of 
Orthoptera. 

Birds are just as much enemies to locusts here as in the Lower Mis- 
souri region, and almost every species found in those parts is known to 
feed upon and destroy myriads of them during locust years. Even such 
birds as the cat-bird and crow-blackbird have been known to eat many 
of them. Bavens, too, and magpies arc very fond of their eggs, and are 
often seen during winter to dig up and eat great numbers of them. 
While coming down to the terminus I noticed a magpie capturing and 
eating quite a number of several si)ecies of (Edij^odae. He was fully as 
agile and interested in the work as a si)arrow would have been. 

• Besides birds and insects there are quite a number of other animals 
in Montana and the Northwest that do a good work in destroying lo- 
custs. I refer to skunks, badgers, chipmunks, and like animals. Chip- 
munks, although animals thought to be strictly vegetarians, are great 
insect-destroyers. I have at various times surprised the little striped 
fellows while they were sitting on a log and gnawing away at a grass- 
^liopper or katydid which they had captured, no doubt to vary their vege- 
table diet. At other times I have also seen them in pursuit of insects. 
That these animals arc of considerable aid in the keeping down of nox- 
ious insects there can be no doubt, since in this part of the country they 
are very numerous. Snakes, toads, •and lizards, too, eat many insects, 
and no doubt capture many locusts ; while mice of different kinds assist 
a little. Then add to the work of these natural enemies that of diseases, 
climatic influences, &c., and we have quite an army of enemies at work 
trying — though not intentionally — to keep in check this pest. 

Since I have never seen a description of the method of depositing 
“eggs by Tachina flies on the bodies of locusts,* I will give it here. It is 
as follows: A female fly as soon as fertilizecrskims over the surface in 
search of suitable hosts on the bodies of which to deposit her eggs, and 
thus continue in them her kind. At last she spies a good healthy look- 
ing locust, may be one of the migratory species, or may be only a native, 
nevertheless it is just to her liking, and she silently alights upon a spear 
of grass or upon the ground close by to wait until the ^hopper, uncon- 
scious of the lurking enemy, launches into the air, when she is upon him, 
and has dropped a minute egg upon his body between his wings. This, 
if not destroyed, is soon hatched and the maggot eats into the locust^s 
body, where it continues to eat and grow until it is fully fed and ready 


*A dt'RcHption of the method will be foaud in the 7th Mo. Ent. Bep., p. 170, and in the fIfSt report 
of the CommiMsioD, p SlO.e 
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to change to tli*e pupa form. By this time the locust has become ex- 
hausted and dies. Frequently as many as two and even throe maggots 
are reared in the body of a single locust. Occasionally the fly has to try 
a half dozen or more times before she succeeds in depositing her eggs, 
as the locust, as soon as it is aware of her presence, closes its wings and 
drops to the ground. 

I have seen these flics so numerous in some parts of Western Dakota 
and Montana this past summer that for each ^hopper that flew up there 
were from three to five flies to follow. Of course b'lt a small per cent, 
of the eggs of this enemy of the locust ever mature, otherwise the lo- 
custs would soon disappear from the face of the earth by this insect’s 
work alone. The reason the fly chooses the moment the locust is on the 
wing for depositing her eggs is quite obvious. If she were to deposit 
the egg upon any other portion of the body than between and under the 
locust’s wings the locust would be liable to Bcra])o it off; besi(\cs at 
this spot is situated the softest portion of the body. I consider the 
ravages done to the locusts by this fly one of the reasons that they mi- 
grate. 

Notwithstanding the great numbers annually destroyed by natural 
means, we can by no means depend wholly upon these remedies for 
the extermination of tliia destructive plague, the migratory or Kocky 
Mountain locust. We must be on the alert and do all in our power to 
assist, by various means, these, our friends, in keeping within bounds 
this and all other insect plagues. It is true that under favorable con-,, 
ditions nature soon balances herself, but w’hen unnatural conditions 
api)ear this equality is broken. So all must unite in again restoring 
this change to its original equilibrium. 

TOrOGRAPHY OF WKSTEUN DAKOTA AND MONTANA. 

The greater portion of country lying west of the Missouri River and 
east of the main divide of the Rocky Mountains is composed of high 
table-lands, the greater i>ortion of which is sparingly covered by a 
short growth of bunch and buffalo grasses. These grasses seldom at- 
tain more than a foot in height, and always mature long before frosts,* 
giving a dreary, desert-like appearance to the country even before the 
autumn approaches. The valleys are few and narrow, seldom having 
streams of running water flowing through them ; and lakes and ])onds 
are rare, but when present are alkaline. The entire country is fit for 
nothing but grazing, save very narrow strii)s along the margins of the 
larger streams, which can be ftrined if irrigated. 

A large portion of western Dakota and easterii Montana is so cut up 
by canons, and is so destitute of vegetation, that travel through it is 
impossible. These are called bad-lands — a very correct name for them, 
too, for in them everything has the appearance of having once been 
baked and burned. The soil is variegated with all sorts of colors that 
could be produced by heat. Sulidiur, lime, and iron p-re present in their 
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coiTibiiiatioiis in large quantities, but I do not know exactly to wbat 
geological period these formations belong. The rocks have the appear- 
ance of those of the Fort Pierre and Dakota groups, and many of the 
formations contain large quantities of gypsum and pyrites of iron, as 
well as large numbers of geodesand globular concretions varying in size 
from the fourth of an inch to over a foot in diameter. 

All the farming land in the section west of the Missouri could be con- 
tained in a State the size of Delaware. It is mostly confined to the val- 
leys of the Yellowstone, Big Horn, Tongue, Judith, Gallatin, Madison, 
Jefferson, Sun, Smith, Prickley Pear, Missouri between the junction of 
the three forks (Madison, Jefferson, and Gallatin) and Fort Benton, and 
several other smaller streams. Along these streams there are many lo- 
calities where the mountains encroach so closely as to leave no bottoms, 
and hence the amount of arable land is reduced. The next rise of land 
is just fair for grazing, but as a rule the grasses on these places are 
much like those on the table-lands and more elevated regions — short and 
in clumps. 

^ The mountain chains are numerous, and occupy about one-tenth of 
the entire area of the Territory, I should judge. Among these there is 
much good grazing, and now and then a small patch of tillable land. 
The grazing, however, among these ranges is only good during the 
warmer parts of the year, when the snows are off. 

It is over the greater portion of the entire country that the locusts 
.deposit their eggs, only avoiding the higher points and tinibered por- 
tions of the mountain^ ranges and the very lowest of the valley lands 
where it is too wet. This entire area is admirably suited for them, since, 
during the summer and fall months, the country is dry and the soil hard, 
offering just such conditions as arc generallj^ chosen by them under which 
to deposit their eggs. 

Over this vast area I am sorry to say that burning would be impossi- 
ble except over a very few small districts in the extreme eastern portion 
wliere the locusts do not often breed. From the time the snows begin to 
melt until the grass is almost fully grown, this vast district is almost daily 
visited by rain and snow storms, and the country wdiere level is one 
vast mud-hole. The young grass, too, seems to begin to grow even be- 
fore the snow melts. At any rate by the time the young locusts appear 
the country is quite green and fires would not run. This was attested 
by all with whom I spoke in reference to destroying the young by prairie 
fires in spring. So it appears that other means would have to be adopted 
to destroy the young in Montana. 

Winds have much to do with the direction taken by swarms, but not 
with their migrating. Bains cause them to alight. Mountain ranges, 
river courses, and valleys also seem to slightly change their courses, 
and form thoroughfares along which swarm after swarm passes year 
after year. 



CHAPTER III. 


THE EOOKY MOUNTAIi^^ LOCUST IN WYOMING, MONTANA, 

ETC., IN 1881. 

West Point, Nker., January 10, 1882. 
Sir; I have the honor to report the followiiij^ in reference to my trip 
through portions of the West and Northwest, as entomological agent 
for tlie United States Department of Agriculture, in studying various 
insects injurious to agriculture, and more particularly in accumulating 
additional data in reference to the Itocky Mountain locust (O. spretus). 
At the time of receiving niy appointment, I was in Greeley, Colo., an4 
at once went to work by making excursions in various directions into 
the surrounding country. These were made while connected with the 
construction work of several new lines of railroad which were being 
built by the Union Pacific llailroad Company, hence were of no expense 
to the Department other than my salary. Afterwards I also accom- 
panied Professors Lester F. Ward and C. A. White, of the United States « 
Geological Survey, in several of their drives into the country adjacent. 
Those short excursions took me over a considerable area of the farming 
portion of (Colorado, and also out into the plains lying to the eastward 
down the Platte and its tributaries. 

Ui)on reijeiving further instructions 1 proceeded west, working along 
the line of the Union Pacific Railway, which was left from time to time 
to make short excursions into the adjoining districts, where it was re- 
I)orted the locusts had done damage to crops and vegetation generally, 
and this, top, within the past few years. The principal of these was 
that of following up Ham’s Fork of Green River to Hodge’s Pass, and* 
about 10 miles down the w^estern slope towards Bear River. In making 
this trip 1 succeeded in establishing some important facts in reference 
to the movements of C. apretus in this part of Wyoming, and also in 
ailding some>vhat to our knowledge of its natural history, which may 
be of value in ligliting it hereafter. 

I then proceeded to Oj>deii,,Utah, where I took the train north over 
the Utah and Northern Railroad, into the valley of the Snake River, 
where I obtained data in reference to the movements of this insect in 
that part of Idaho; thence working northward and westward through 
the valleys of the Big Hole, Deer Lodge, Hellgate, and Missoula Rivers, 
thus Uiking' in a large portion of Montana hitherto not visited by any 
member of the Commission. 
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At Missoula many data were obtained in reference to the movements 
of locusts in that portion of Montana. From here I proceeded on horse- 
back down the Missoula Valley, to where Miillan’s Wagon Koad crosses 
the CcEiir dAl^ne Mountains, and thence across the mountains thn.ugh 
I^ortherii Idaho into Washington Territory. Here I obtained what data 
I could, and tlieii worked my way southward across the Si)okane Plateau 
to Walla Walla, the section visited by small swarms of locusts within 
the past few j^ears. Leaving Walla Walla, my homeward journey lay 
down the Columbia to Portland and Astoria, where I was obliged to 
lie over for four days, waiting for the next steamer to San Francisco. 
During this period I went over to Fort Canby, and spent my time in 
making a collection of mosses and ferns, which I herewith send to the 
Department. I also obtained a few land shells. 

In making this trip quite a number of favors were extended by the 
following corporations and individuals: Union Pacific Eailway (Ore- 
gon short line), Gilmer & Salisbury, half rate; officers and troox)s at 
Fort Missoula, transportation and favors; Edwin D. Dukes, hospital- 
ities; Northern Pacific Eailway, pass; Oregon Eailwa^^ ami Naviga- 
tion Company, passes ; and officers at Fort Canby, hospitalities. Be- 
sides these I am under great obligations to many others for aid in ac- 
cumulating locust data, as well as those relating to various other in- 
sects. 

I have also embodied, at your request, a summary of the probabili- 
ities for the present year, 1882. 


Eespectfully, 


LAWEENCE BEUNEE. 


Professor C. V. Eiley, 


United States Entomologist^ Washington^ D, 0. 


GENERAL REPORT ON THE ROOKY MOUNTAIN LOCUST. 

It is not my intention in this report to describe all of the facjts gleaned 
or to note the work done by the Commission and others in reference to 
this insect. I will, however, give a (^oiidensed account of the more im- 
portant points that directly treat upon the means of their diminution 
and in’evention in future, with a few additional traits noticed during the 
X)ast season. Of course it will be necessary occasionally to allude to 
matters iiicntioned in the annual reports of the Com mission, and also to 
other records relating to the life-history and dciHedations of this and 
other locusts. Before entering uxmn a discussion of this subject, I will 
give a brief history of this insect and its deq^redations in various x)or- 
tions of the country which it visits in the course of its migrations. 

Up to the time of the settlement of xmrtions of Eastern Kansas, Ne- 
braska, and part of Minnesota, comparatively little was knowji of locust 
swarms and their ipagnitude in North America. At long intervals only 
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would a notice of the appearance of swarms of “ grasshoppers” reach 
the public through some newspaper or magazine account of travels in 
these wild and unsettled regions. These, as would bo imagined, were 
mere notices of their having been seen, without any attempt at a descrip- 
tion of them or anything relating to their movements. It is but a few 
years since that they even so much as had a name of their own. (Walsh 
in 18GG.) But, as thp country in the then Territories above mentioned 
began to be settled they became more and more known, as sw arms imule 
their appearance from time to time and occasionally alighted uijon and 
destroyed fields of grain and gardens. It was not, hownver, iintirwith- 
in the past fifteen years that they began to attract much attention by 
their ravages. I now refer more particularly to Kansas and Nebraska, 
with adjoining portions of low^a and Missouri. Minnesota, too, w as but 
thinly settled in those parts frequently visited, while Dakota was but 
little known. True, locusts had several times been known to do damage 
to vegetation in Manitoba and Minnesota as early as 1819, w hen they 
were said to have been very numerous. 

Whether swarms of locusts visited these districts as often prior to 
their settlement as they have since, it is not easy to ascertain ; but that 
they did so occasionally is quite certain, and that, too, in numbers 
equally as great or even greater than in our time. In speaking with 
an old Omaha Indian during the summer of 1876 iu reference to grass- 
hoppers, he said that about twenty-five years previously be had seen 
them so numerous in the Elkhorn Valley and adjoining parts that they 
ate nearly all the grass for many miles around. In fact, the Indians' 
could scarcely find enough grass for their ponies. This was wdiilc they 
were out on a buffalo hunt, lie also stated that at other times they had 
met with the locusts w^hile out on their hunts, but never in such great 
numbers as at this one particular time. He said they came from the 
mountains “far off’,” at the same time pointing up the valley to the north- 
west. Last year wiiile iu Montana I also learned from Indians that at 
times, many years ago, the locusts were exceedingly numerous in the val- 
leys of the Yellowstone liiver and its tributaries; and that on several oc- 
casions they had been so numerous as to devour most of the vegetation, 
and thereby to cause the buff alo to seek food in other parts. When askec\ 
about their flights, one old fellow (Indian) intimated that he had seen 
them fly in numbers sufficiently great to obscure the sun. It might be 
questioned whether this information obtained from Indians can be relied 
upon as of value. To this I will answer “ yes,” for all Indians arc very 
close observers and leniember quite accurately all incidents that are in 
any way connected with their modes of life, and particularly is this true 
while out oil their liunts. A few had even noticed that the locusts w ere 
attacked by a kind of fly, which deposited its eggs between their wings. 

Does the settlement of a country and the planting of new species of 
vegetation ever have the effect of drawing to it insect enemies from 
alUrJ and, if so, to what extent is this truoi This is a question that 
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undoubtedly lias presented itself to the minds of more than one ento- 
mologist and tiller of the soil, and is worthy of consideration in this 
connection. Before discussing it, however, let me give a short descrip- 
tion of the preferences of climate, altitude, vegetation, surface configu- 
ration, &c., th«at this particular species of locust possesses in comparison 
with that chosen by others. 

If wo run our eyes oyer the map of North America and set aside all 
that portion contained between the meridians 103^ and 117^ west of 
Greenwich, and from the parallels of latitude 4()o to 53^, we have the 
permanent home of this insect pretty well before us. It is sill consider- 
ably elevated above the surrounding country, treeless over the greater 
portion, and also arid, thus agreeing to some extent with the locust-in- 
habited areas of Eastern Europe, Northeni Africa, Western and South- 
ern Asia, Central Australia, and iiortions of Central and South America. 
Now, what is there in these peculiar combinations of surface and cli- 
mate and elevation that should produce the unwonted increase in num- 
bers of a few' i)articular species of Avidely different locusts ? As we are 
already aware, all these insects become exceedingly numerous at inter- 
vals, and at such times leave their breeding grounds, or, more properly 
speaking, their native habitats, and fall upon the adjoining fertile 
country, where they cause great depredation, and in many instances 
even pestilence and famine. That this great increase is in some way 
connected %ith their migratory habits we know, but just how it was 
brought about in the first place we cannot say. As shown in one of 
'the reports of the Cominissiou, these invasions, id estj the general inva- 
sions of the entire country subject to their visits, appear to follow at in- 
tervals of about eleven years. 

The reports of the Commission which have already appeared have so 
thoroughly described the nature and habits of this locust that I need 
not dw'ell upon its natural history or mode of migrn ting. That it is thor- 
oughly migratory by nature cannot be doubted; for, at almost any 
point ill the rerinfineiit liegion during the mouths of July, August, and 
September, on fine sunshiny days, a few of tliese insects can be seen on 
the move. l<jvcn a single family or the progeny of a single feinide Avill 
move from the locality where it hatched to some other point in this 
native habitat or adjacent to it. 

If wc reflect for a moineiit as to the surface configuration of the different 
countries from which at times invading hordes of locusts conic, we shall 
notice that they are all pretty much alike, and that they are also, as a 
rule, destitute of timber and rank vegetation of any kind. They are all 
more or less elevated plateaus or table lands, jiartially clothed with 
bunch grasses and dwarfed shrubs, which grow in clusters. TJio air is 
dry and bracing in its nature, and the winds w hich sweep over them are 
brisk. Taking into consideration tiiese peculiarities of the various lo- 
cust countries, it strikes us that only in a country of such a character can 
swarm.s of locusts originate aud coutiiiue to exist iu uncommonly ^reat 
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numbers; and if this be true, changing these characteristics would nec- 
essarily result in their diminution, unless they really can continue to 
exist in such immense numbers in a region the surface of which is dif- 
ferent from the foregoing. Judging from experience and from the past 
history of this locust, 1 should say that it would not and cannot con- 
tinue under such changed conditions. For, if it could breed only in 
limited areas, it would of necessity become less numerous. Also, when 
traveling it would become more scattered, and would then be more apt 
to be kept in check by locust-feeding birds in connection Avith insects 
and other enemies which lurk in the rfleesses of forests and about groves 
and meadows. Always with the advance of settlement birds and in- 
sect-devouring animals of a certain class make their appearance, and 
do much towards keeping in check these pests. As examples of these I 
have the pleasure of introducing the robin, quail, orioles, sparrows, blue- 
birds, and other species that love to hang about the abodes of man — all 
of which are great insect-destroyers. 

jS^ot only in the above ways, then, will advance of civilization and the 
settling of this* area tend to diminish the locust in numbers, but it will 
also prevent their increase. 

As already intimated, thercis a trjict of country in the West and North- 
west whi(jh, by its i)cculiar characteristics, is especially adapted to the 
modes of life of this locust; hence it has been termed the P(u*manent 
liegion by the members of the Commission heretofore referAd to. 

Although this insect at times visits and breeds throughout the greater 
portion of the country lying west of the Mississippi River and east of 
the Cascade range of mountains, it is partial to a particular portion of 
this vast area that possesses peculiar climatic conditions. This region 
can be bounded as follows: On the east by a line beginning on the 
south, at the junction of the thirty-sev45nth parallel with the one hundred 
and sixth meridian, and running in a northeasterly direction to the ninety- 
ninth meridian on the forty-fifth jiarallel, whence the course changes to 
the north until the boundary line is reached, where it inclines to the 
nortlnvest in a curve and strikes the fifty-third parallel at about the one 
hundred and third meridian. The northern boundary is the commence-, 
ment of the trans-con tinental timber region of British America. On the 
west this region is boumlcd by a line nearly coincident with the one 
hundred and seventeenth meridian, sometimes running to the east, and 
at other times to the west of it, and tow^ards the south making an abrupt 
angle to the southeast to avoid the desert regions of soutliern Nevada 
and a portion of southwestern Utah. The features of this entire region, 
or at least of those portions of it diosen by this locust as breeding- 
grounds, are its comparative aridity and freedom from timber. 

This region is divided as follows into several districts that difler in 
surface configuration: The Mountain Region, the Plateau Region, the 
Region of Plains, and the Basin Regidn. 

The Plateau Region, Avhich is generally termed the Colorado Plateaus, 
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‘‘extends from southern Wyoming througli westcrJi Colorado and 
eastern Utah far into New ]VIexico and Arizona. They are bounded on 
the north by Wind Kiver and Sweetwater Mountains, on the east by the 
Park Mountains, on the south by the Desert Kange llegion, and on the 
west by the Basin llange Region.” This region is “chiefly drained by 
the Colorado River; but a small area on the northwest is drained into 
Shoshone River, anotlier on the northeast into the Platte River, still 
anotlier on tlie southeast into the Rio Grande del Norte, and hnally the 
western margin is drained by the ui>per portions of the Sevier, Provo, 
Ogden, Weber, and J^ear Rivcjrs.^ The general elevation is 7,000 feet 
above the level of the sea, varying from 5,000 to 12,000 feet. The ascent 
from the low desert plains on the south is very abrupt, in many places 
by a steep and almost impassable cscariimcut.” 

The stj’eaniH which traverse the region have their sources in the Wind KivorMoiint- 
ains on the north, in the Park Mountains on the east, and a number of tributaries 
come from the west. In their courses through the plateanu they run in canons. 
These cafions are i)rofoiind gorges corroded by the streanis themselves. The “country 
rock” is comijosed of sedimentary beds nearly horizontal. * ^ * The region is also 
exceedingly arid, but the mouutaius that stand on the rim of the basin precipitate a 
largo proportion of moisture, and in this manner streams of comparatively largo 
volume head in the mouutaius, run througli the plateaus, and descend rapidly to the 
level of the sea, while the country through which they pass is very meagerly sui>plied 
with moisture. ^ 

The Moufitain Region comprises the mountainous portion of Northern 
^ Wyoming, part of Central Colorado, all of Idaho with adjoining portions 
of Nevada, Oregon, and Washington Territory, also the western half of 
Montana. This region is composed chiefly of high ranges of mountains, 
most of which are partially clothed with forests of coniferous trees. 
There are numerous streams of considerable magnitude. These liave 
their sources high in the mountains where there is much rain and 
melting of winter snows. Their lower courses lie along beautiful and 
richly carpeted valleys that are for the most part destitute of timber, 
and are bounded by low foot-hills covered with bunch grasses and 
artemisias. This r.egion in the lower portions is also quite arid. With- 
in this region there are also quite a number of low basin-like valleys 
that formerly were occupied by lakes. These are for tbe most part richly 
clothed Avith grasses and other low vegetation, and are generally drained 
hy some mountain stream. They all lie northward in Montana, Idaho, 
and Washington Territory, and are of considerable elevation, varying 
from about 3,(100 to 7,000 feet above the level of the sea. 

Slo])ii)g eastward from tlie foot-hills of the Rocky Mountains towards 
the Missouri and Mississippi Rivers is an extensive tract of country 
know’ll as the Plains. It is for the most part a conqiaratively smooth, 
treeless tract covered by sparse vegetation, mostly grasses and herbs 
that grow in clumps or clusters. The climate varies in temperature 
as w e pass from east to west, and from south to north. The region is 

*M^j. J. W. Tuwull: Pieiaco to Gculoj'y of the lligU Plateaus of Utah. 
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arid, and has comparatively few water-courses running through it. But 
little rain falls during summer, and evaporation is great. As we proceed 
northward the stunted bunch grasses become more luxuriant, and the 
climate cooler. The streams that run through this region have their 
fountains in ranges of forest-clad hills and mountains, and, unlike those 
of the Plateau Itegion, wind along broad and fertile valleys that are 
bounded by gently sloping hills. These valleys are also adorned in 
most places by clumps of willows and other decaduous trees and shrubs; 
and in many of these broad sea-like valleys are to be seen some of the 
most beautiful pictures of the West. 

In addition to the three regions above mentioned, there is another 
section that we wib, call the Basin llegion. This region is situated be- 
tween the Wasatch Uange on the east, and Sierra Nevada Kange on 
the west, and is drained by streams running into lakes, of which Great 
Salt Lake is the chief one. This basin region* is separated from the 
others by ranges of mountains and high plateaus, and is one of the most 
fertile portions of the entire liocky Mountain Eegion. The foot-hills 
and valleys lying to the eastward are decorated with beautiful flowers 
and rich grasses, while to the westward it gradually shades oil’ into the 
desert regions. 

All the country comprised in the above-described regions is at times 
overrun by swarms of this destructive locust, and i)osse8ses such cli- 
matic and other conditions as are best adapted to its life aiid great in- 
crease. 

It is quite evident that a country the surface of which is so varied 
and extensive must also possess a varied climate, and that this is i)artly 
true we are aware, at least as flir as heat and cold are concerned. But 
we must take into consideration one peculiarity of all this extent of 
country, viz., its aridity. We have arid and high plateaus, arid mount- 
ain valleys, the plains are arid, and an arid interior basin. Wo are also 
aware that C.spretus thrives equally well in all of these districts where 
the aridity is not too great, and where the annual precipitation does not 
exceed 10 inches. 

Ma j. J. W. Powell also describes the lands of this region as those which 
are irrigable, pasture lands, and timber tracts. Besides these there are 
deserts, bad lands, chaparral lands, and lava beds. 

Of these various regions, as determined b}’ surface configuration, the 
irrigable and pasture lands are those chiefly chosen by this insect as breed- 
ing grounds. Hence the area of the PermaiuMit liegioii comprises but a 
small per cent, of the arid regions of the West or of that part of the 
Rocky Mountain system Avhere the annual precipitation is less than 20 
inches, and still less when we confine it to the more humid portions of 
these districts as chosen in years of ordinary numbers of this insect. 

Major Powell describes these regions as follows: 

The irrigable liiiuls and timber lands constitute but a small fraction of the Arid 
Region. Between the lowlands on tho one hand and the highlands on the other is 
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found a great body of valley, mesa, hill, and low mountain lauds. * * * Usually 

they bear a scanty growth of grasses. These grasses are nutritious and valuable both 
for simiriier and winter pasturage. Their value depends upon peculiar climatic con- 
ditions; the grasses grow to a great extent in scattered bunches, and mature seeds 
in larger pro])urtiou perhaps than the grasses of more humid regions. In general the 
winter aridity is so great that the grasses when touched by tins frosts are not washed 
down by the rains and snows to decay on themoist soil, but stand firmly on the ground 
all winter long and cure,” forming ft quasi uncut hay. * * * In a broad way, 

the greater or lesser abundance of the grasses is dependent on latitude and altitude; 
the higher the latitude the better the grasses, and they improve as the altitude in- 
creases. In the very low altitudes and latitudes the grasses are so scant as to be of 
no value; here the true deserts are found. These conditions obtain in Southern Cali- 
fornia, Southern Nevada, Southern Arizona, and Southern New Mexico, where brotid 
reaches of land are naked of vegetation, but in ascending to the higher lands the 
grass steadily improves. Northward the deserts soon disapf>ear, and the grass be- 
comes more and more luxuriant to our northern boundary. In addition to the desert 
lands mention<?d, other large deductions must be made from the area of the pasture 
lands. Tliere are many districts in which the “country rock ” is coiniiosod of incoher- 
ent sands and clays; sometimes sediments of ancient Tertiary lakers; elsewhere sedi- 
ments of more ancient Cretaceous seas. In these districts perennial or intermittent 
streams have carved deep waterways, and the steep hills are ever washed naked by 
fierce but infrequent storms, as the incoherent rocks are unable to wit^istaiid the 
beating of the rain. Tliese districts are known as the mauraiscs teiTeSf or bad lands of 
the Kocky Mountain Ri.'gion. In other areas the streams have carved labyrinths of 
deep gorges and the waters flow at great depths below the general surface. The lands 
between the streams are beset with .towering cliffs, and the landscape is an expanse 
of naked rock. These are the alcove lands and cation lands of the Rocky Mountain 
Region. Still other districts have been the theater of late volcanic activity, and broad 
sheets of naked lava arc found; cinder cones are frequent, and scoria and ashes aro 
scattered over the land. These are the lava beds of the Rocky Mountain Region. In 
yet other districts low broken mountains aro found with rugged spurs and oragged 
crests. Grasses and chaparral grow among the rocks, but such mountains aro of little 
value for pasturage purposes. 

After making all the deductions, there yet remain vast areas of valuable pasturage 
lands bearing nutritious but scanty grass. The lands along the creeks and rivers 
have been relegated to that class which has been described as irrigable, hence the 
lands under consideration are away from the pennanent streams. No rivers sweep 
over them, and no creeks nicapder among their hills, the only water to be found on 
these lands being scattered and isolated springs and the little brooks which they 
feed. These, however, never join the great rivers on their way to the sea, being able 
to run but a short distance from their fountains, whon they spread among the sands 
to be re-evaporated. 

Within the Arid Region only a small portion of the country is irrigable. These ir- 
rigable tracts are low lands lying along tlio streams. On the inouiitains and higb 
plateaus forests are found at elevations so great that summer frosts forbid the culti- 
vation of the soil. 

These hands comprise but a very small per cent, of the Arid llegion un- 
der the present resources for obtaining* the amount of water requisite 
for remunerative cultivation of the soil. 

Throughout this Arid Kegiou timber of value is found growing sponta- 
neously on the liigher plateaus and mountains. These timber regions 
are bounded above and below bylines which are very irregular, due to 
local conditions. Above the upper line no timber grows because qf the 
rigor of the climabi, and below no timber grows because of aridity. 
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Both the lower and upper lines descend in passing from south to north; 
that is, the timber districts are found at lower altitudes in the northern 
portion of the Arid or Kocky Mountaiu Region than in the southern por- 
tion. This is due to the decreiise in temi>erature as we pass from south 
to north. The forests are cliieily of pines, spruce, cedars, and fir, but 
the pines are of i)riucipal value. Below tlieae timbered regions, on tlie 
lower slopes of mountains, on the mesas and hills, low, scattered forests 
are often found, composed chietty of dwarfed piiion piues and scrubby 
cedars. 

Of counse that portion of the Arid Region described as the timber- 
bearing region is much larger than that actually covered by forests ; 
but this is to a great extent due to the destructive agency of fires that 
annually destroy inconceivable quantities of timber. These regions 
comprise from 20 to 25 per cent, of the Arid Region, though at least one 
half has been denuded or is kept bare b^' the above-mentioned agency* 
This region, too, is very much like the temimrary region of this locust in 
the annual precipitation of moisture, and hence these bare portions are 
not so frequently chosen as localities for egg-depositing as are those, 
lying immediately below this line, that have been described as grazing 
lands. 

The area of the Arid Region the altitude of whi(;h is greater than the 
forest region is comparatively small, and comprises mountain peaks and 
parts of mouuUiin ranges that extend above the line of perpetual snow 
or rigorous climate. Very seldom do any of these locusts choose the 
warmer i)ortions of this region as breeding grounds, since it is too un- 
certain and quite humid, although the greater portion of the moisture 
that falls here is in the form of snow and hail. Neither do the^^ fre- 
quent the maumiHen terres^ deserts, lava beds, or chaparral lands. Then 
we have remaining the two other regions as the true homo and breeding 
grounds of this insect, viz., the irrigable lands and the grazing lands. 
Of course great numbers of locusts are annually bred within and even 
above the forest region of the Rocky Mountaiu system, but, as before 
stated, the humidity of this area is too great, and hence it follows that 
these cannot be as vigorous as those bred below and in a more arid cli» 
mate. That this insect docs not require nor seek a high temperature, 
we are aware from the condition of the climate in those portions of 
British America where it breeds in such overwhelming numbers. 

This region, which is known as the permanent breeding grounds of 
the Rocky Mountaiu locust, as before stated, comprises all that region 
west and north of the desertj where the annual rainfall is less than 
20 inches, an area of about 300,01)0 square miles. Of course they do not 
breed throughout this entire region annually, nor on all the surface ; 
but it is because tliey are always to be found in some portion of it in 
greater or less numbers, and because they can continue to t^xist year 
after year without becoming diseased, that this name has been given to* 
the’ region. 
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As would be expected, a country as larpje as this must necessarily 
vary to some extent in its surface configuration, and in its general ap- 
pearance; but, as a rule, it is composed of wide stretches of prairie in- 
terspersed with a few small timbered areas and snow-capped mountain 
ranges. ' It is watered by the great water systems of the Missouri, the 
Yellowstone, Platte, Colorado, and Columbia, with many minor rivers, 
along the fertile valleys of which the young locusts are reared from 
year to year in numbers siitficieutly great always to keep the stock large 
enough so that with a few favorable years this entire area with the 
adjoiniug country can be stocked and overrun by ravishing jjwarnis. 

While the locust is capable of continuing its exishmee on any fiivor- 
able portion of this Permanent Kegion, there are in reality but few por- 
tions of it that, on account of their extent, are adapted to its greatest 
increase. Those are far apart, and at times are the cradles of swarms 
that visit different sections of the cultivated districts adjoining them. 
The largest, and by far the most important of these, is that of Central 
Montana and portions of the British Possessions immediately to the 
north.* The boundaries of this area can be put down as follows: On 
the east a lino beginning near the Black Hills and running north by 
the way of the mouth of the Musselshell Eiver to the Saskatchawan 
liiver and the northern limit of true prairie. The western boundary 
is almost equivalent to the trend of the Kocky Mountain Kange, coming 
as far south as the Sweetwater Basin of Northern Wyoming. In other 
words it passes from the Big Horn Mountains in Northern Wyoming in 
an almost direct line to I^ort Shaw, and tlience north as ftir as the prai- 
ries. extend, taking in the valleys of the Gallatins, Jefferson, and Prickly 
Pear Kivers as side shoots. The next in importance and size is that of 
which the Snake River Valley is the center. This district comprises 
all of Central and most of Southern Idaho, portions of Northern Utah 
and a small part of Nevada and Eastern Oregon. A third area is that 
of Southern Utah and portions of Northern Arizona and New Mexico, 
with a part of Colorado. 

Prom the former come all the locust swarms that devastate Manitoba, 
Dakota, Minnesota, and at times Nebraska, Iowa, and Kansas, with a 
small portion of Missouri. Oregon, Nevada, and Washington Territory 
receive most of their locust swarms from the second, while Utah and 
Colorado, with adjoining portions of Wyoming, receive theirs from both 
this and the third or that of Arizona and New Mexico. While these 
are the principal courses taken by swarms in leaving these several 
locust centers, they occjasionally iuterch^-ngc swarms and then these 
localities receive calls from all three sections. Montana swarms cross 
over the range into the valley of the ISnake River, by way of the Madi- 
son, and into the northern part of Idaho and Washington Territory by 
way of the Boundary Pass and Flathead Lake. Those of the Central 
region pass northeast into Montana, both by the Madison and by way 
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of Northern Wyoming, while the central and southern regions inter- 
change swarms directly. 

While it would appear that this interchange of swarms between these 
several centers was intentional, by a closer examination into the habits 
of this insect and the influencing agents in its migrations, we canVeadily 
see. that such is not the fact. Nevertheless, every object is accom- 
plished in this way that could be were they made from impulse or desire. 
By the interchange of swarms there is cross-breeding of unreliited and 
distant individuals, thus preventing the deteriorating influence of a 
long-contiiy^ied interbreeding. Also, by having these widely separated 
regions of large area, moving swarms of great magnitude are enabletl 
to recuperate from the fatigues of travel and rear liealthy oflspring, to 
return to their starting point when the favorable opportunity i>resents 
itself. 

As irregular as «ap])ear to be the movements of swarms of locusts in 
the widely separated areas to one who has not given the subject a. close 
study, it is, nevertheless, a conceded fact that they seem to have leading 
routes which they follow. So marked is this rule in certain localities 
that it is diflicult to learn of any ex(5eptions. An example of this nature 
is that of their movements on the Upper Bear liiver and in portions of 
Western Wyoming, where every swarm of which I could obtain any 
information came from the w(\st and northwest and flew to the east, 
northeast, or southeast. They also ai>pear to fly in great circles in sev- 
eral sections of the West. The cause of this j)henomenon is the com- 
bined influence of prevailing winds and surface configuration on mov- 
ing swarms. For an example of this peculiar movement we will take 
a swarm that leaves the great center of distribution in Montana towards 
the southwest by way of the Gallatin and Madison Valleys and low 
passes across to the upper waters of the Snake River. These, after en- 
tering this latter valley, follow down that stream to where it makes an 
abrupt bend to the west. Here the swarms generally divide, some con- 
tinuing down the stream, while the remaining portion of the swarm 
works on south and southeast over the low mountains to Bear River 
Valley and into the great interior basin. Those which strike the valley 
of Bear River mostly turn up the stream and wend their way toward 
the cast and southeast until the vicinity of Green River is reached, when 
they again sligl^Jbly change their course by swinging to the east and 
northeast. From here their course is eastward to the Platte, when they 
again divide, a portion following up and the other portion following 
down this stream. The latter, {ifter passing through the caiion out upon 
the plains, are struck by south and southeast winds and carried to the 
northeast toward the Black Hills, and from this i)oint return to south- 
ern Montana and Anally to their starting i)oint. Those that follow 
up the Platte cross over the range b3’^ way of the various passes into 
Eastern Colorado, and either work south through this. State into New 
Mexico, or drift out on the plains into Western Kai|sas and Nebraska, 
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wliere they become scattered and lost, except when in uncommonly large 
numbers as in the year 1866 , when they came as far east as the settled 
portions of these States and did considerable damage. 

Those that leave the northern portion of this great center and cross 
over thfe range into Idaho and Washington Territory, work southwest 
at first, then south through western Idaho and eastern Washington 
Territory, when they turn to the southeast and reach the central region, 
from which they return to the starting point by way of the Snake and 
M adisoii V alleys. These movements, however, occur, and for the greater 
part of their course lie, witliin the Permanent Region ; hence Jhey cannot 
be set down as the mode of travel in all portions of the country at times 
visited by their swarms, neither can they be considered as being the 
rule of their flights. 

Locusts that follow down the Snake River enter eastern Oregon and 
work their way northward through this State and western Idaho with 
a portion of southeastern Washington Territory, and thence are car- 
ried by the i)revalent winds across the Cceur d^Alene and Bitter Root 
Mountains into tlie valleys of the upper portions of darkens Pork of the 
Columbia. Here they continue working eastward through western 
Montana until they recross the Rocky Mountains into the great cento 
of Montana and British America, thereby completing the circular move- 
ment. Of course these movements are only noticed in connection with 
the movements of swarms in different portions of the districts embraced, 
and, as just stated, for the most part are confined to the Pormanent 
Region. 

With these facts in reference to the movements of locusts in general 
before us, it will now be in order to mention some of the controlling 
agencies for the various actions of moving swarms; how it hai)pens 
that they choose these particular routes just mentioned, why at certain 
times of the year the i)revailing movements are in one direction au<l 
just oi)posite at another, and why it is that a change of wdnd or the 
advance of a storm or even a decided change of temperature from warm 
to cold brings them to the ground. 

• When locust swarms start for a flight to some other locality they, as 
a rule, follow a particular direction, wdiich varies much in different sec- 
tions of country, and at different seasons of the year. Any agency that 
interferes with this particular course has a tendency tobbring the entire 
horde of them to the ground. They appeJir to have a purpose in view 
when starting, w^hich, if interfered with, \vill cause much uneasiness on 
their part. It is not necessary for me to give any minute description 
of th(‘ general laws of flight, nor to dwell ui)on the influence of storms, 
changes of wind, temperature, elevation, climate, and surface configura- 
tion upon these. All these have been discussed at leugth in various 
newspaper articles and other sketches of which this ji^ect with its his- 
tory formed the subject. The reports, too, of the Ui^d States .Ento- 
mological Gommii^sion aie exhaustive on this portion of its natural 
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history. Suffice it to say that any siuhlon change of wind or of tem- 
perature will cause them to droi) to the gToiiiul, where they will re- 
main until everything is again favorable for continuing in their chosen 
course. Surface configuration, too, has much to do with the direc- 
tions taken by moving swarms. Valleys, as a rule, arc followed either 
up or down, while mountain chains of great elevation swerx e them 
from their course, causing them to turn either to the right or to the left, 
according to the direction of the wind and the route pursued. Out- 
side of the Permanent liegion their movements vary somewhat from 
those within this region. After the first season’s absence, all swarms 
appear to direct their course back tovrards this region, at least this is 
the case with those reared in the Temiiorary Itegion of the ea st. 1 have 
also noticed that in i^^ebraska, during the earlier part of the season, the 
prevailing direction taken by swarms is northward and westward, 
while later in the season it is toward the south. The turning-point is 
about July 15. Whether this is really the case, or whether it is due to 
arriving and departing swarms, I am not quite prepared to assert x)osi- 
tively at iiresent. That this is true, however, can easily be ascertained 
by referring to any work giving the data of locust flights for a succes- 
sion of years in this district. However doubtful this may appear at 
present, it is nevertheless my opinion that it all depends upon the out- 
going and incoming swarms, with perhaps an occasional exception 
brought on by change of winds, &C .5 perhaps also the change in the 
direction of the prevailing winds at about this time has something to 
do with the matter. 

Ill the Permanent liegion locality matters but little so far as the con- 
tinuation of the species is concerned, but oiitvSide of this the insect can* 
continue but a few generations, and hence its great uneasiness and 
longing to get back to its native climes and home scenes. 

Wliile the true home of this locust is quite permanent in its leading 
characteristics, the Temporary Kegion is one of variable character and 
sudden changes, with unsettled winds. The surface of the Permammt 
Begioii is much the same throughout, while that of the Temiiorary lie- 
gion is variable. The true difference between these two regions, how- • 
ever, which seems to tell on the life of Caloptenus spretns, is the amount, 
of moisture present, and also the altitude. A, wet or humid climate? 
is unfavorable, wjiilc one that is arid is favorable to its increase. 

The localities chosen by this insect for the depositing of eggs are such 
as are partly denuded of vegetation and where the soil is firm, as new 
breakings, pastures, i:oadsides„ south hillsides and a variety of similar 
localities. Very low or wet grounds are never chosen, neither is very 
loose and sandy soil that is liable to be blown away b^^ winds. The lo- 
cust possesses similar habits throughout the country at times visited 
by it; yet these habits are necessarily slightly altered by variation of 
climate, surface qpnfiguration, and other influencing agencies. While 
in the Temporary liegion the eggs are chiefly deposited in proximity to 
3 E 0 
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fields, in the Permanent Pegioii they are deposited throughout this region 
lirherever there is sufficient grass for the young to live upon. The grasses, 
too, of these widely separated districts vary much in their nutritive prop- 
erties. Those of the permanent home are the best in the eyes of this 
gastronome of an insect, and stand parallel with the various grains of 
the same localities during early spring. Our grasses on the contrary are 
not touched when wheat fields and other cultivated plants can be ob- 
tained. Even the weeds growing in fields are more acceptable than 
those oil the prairie. When a swarm alights in this region for the pur- 
pose of depositing eggs it betakes itself to the foot-hills adjoining val- 
leys where food is plentiful, or to the mountains just below timber. Here 
the locusts often accumulate in such vast numbers as to entirely cover 
the ground while at their work of perpetuating their kind. In speak- 
ing with a gentleman w^ho spent the greater pjirt of seven years in the 
4iortheru and central portions of Wyoming, I was informed tliat during 
the summers of 1875 and 1876 at times these locusts were so numerous 
as to be piled up in windrows for miles in length and frequently six inches 
in depth. These were both old and young. They hatched on the foot- 
hills and ate the grasses clean. He said that while the greater portion 
of this Permanent Eegion oilers favorable situations for the deposition of 
their eggs, they are more partial to fertile valleys, sunny hillsides, and 
grassy plats near timber line where there is always plenty of succulent 
vegeUtion to be had.’^ While the humid atmosphere of the Temporary 
Begion is detrimental to its continued existence, the insect still requires 
a certain amount of moisture for its development in great numbers, hence 
it is that that largo district, lying for the most part just below timber line 
on the extensive plateaus of the Northwest, is so well adapted to their 
increase These sections, too, afford vast areas suitable for the deposi- 
tion of their eggs, and afterwards for the development of the young. 

Eggs are deposited at intervals during the months of June, July, Au- 
gust, September, and October, by insects maturing in different latitudes 
and at different times. The majority of them, however, are laid during 
the months of August and September; otherwise, if the fall should 
prove too warm and the winter late in commencing, many of them would 
hatch and die from cold and starvation. 

Eggs laid in June often hatch by July and the locusts become fully 
developed in time to deposit before cold weather sets in^DO severely, while 
those hatching later very seldom deposit unless the fall is very favor- 
able. Some eggs, too, very likely lie over one whole year before hatch- 
ing. 

Whether or not locust eggs would hatch after having laid more than 
a year, 1 am unable to say, as x)(^i'Sonally 1 have seen nothing of the 
kind, nor have 1 ever s^en a substantiated account of any such occur- 
rence in works on locust literature. It is, however, averred by several 
farmers living in the vicinity of Missoula, Montana, that in thp fall of 
1875 a great many eggs were deposited throughout the valley. Some 
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of these hatched the following spring (187G) and the locusts from them 
left without depositing; neither, it was believed, did any other swarms 
deposit this year. However this may have been, in the spring of 1877 
large numbers of young locusts made their ai)pearauce among the foot- 
hills on the north side of Missoula River, where no eggs were known to 
have been deposited since the fall of 1875. Now, whether this was really 
a case of continued vitality of a large quantity of eggs during an entire 
year beyond the time when they should have hatched, as claimed by 
these gentlemen, or whether in 1876 a swarm might not, unobserved by 
them, have alighted in this locality, left their eggs, and then gone on, I 
will not try to decide, but will let every one draw his own inference. It 
would be interesting, however, to possess the facts with reference to 
this alleged case of continued vitality of locust eggs in a climate where 
under ordinary conditions they would have hatched in due time. 

The time required for the hatching of the eggs varies greatly in dif- 
ferent latitudes, at various altitudes, and at diiterent times of the year. 
The presence or absence of warm or cool rains, too, seems to make a dif- 
ference. Of course it is quite necessary that a certain degree of heat be 
I)resent, as also a certain amount of moisture. Sometimes it api)ear8 
that eggs will hatch in a coin[)aratlvcly short time, and at others, when 
there is no perceptible variation in the conditions, it requires much 
longer. 

Just what amount of heat and wiiat other conditions are absolutely 
necessary for the development of the eggs in the Temporary and Per- 
manent Regions, or whether there is a difference in these, I cannot at 
present say, with the small amount of data at my command. But that 
there are certain things upon which the hatching depends can be readily 
inferred from the experiments that have been conducted by l^rofessor 
O. V. Riley and others for this purpose. Nevertheless, they were in- 
sufficient to establish fixed rules by which we can go. 

The young, after hatching, require from forty to sixty days in which to 
mature ; varying, of course, according to the stateof the weather, the abun- 
dance of food, and also their vigor; cold and wet retarding and w'armth 
favoring their growth. Soon after hatching, the little fellows begin* 
traveling in search of food, as they are generally^ hatched on grounds 
partially bare. They travel in droves, thus imitating in the start the 
peculiar traits of. the species. These droves become scattered as from 
time to time they move on in their half famished search for food, and 
in the course of their growth become so scattered and mixed up that 
by the time of maturing hardly .any two of a single brood are together. 
This is the case of swarms in the Temporary Region, and very likely is 
also true with reference to them in their native habitat. . 

Soon after leaving the eggs the little fellows molt or shed their skin, 
which operation is repeated four more times in most cases and at least 
three times in every case before arriving at maturity. The manner of 
molting is quite similar to the like act with other insects. The larva 
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quits feeding and becomes dejected and drowsy, creeps to some sheltered 
nook and there lingers for a time, w^hen the skin of its head and thorax 
cracks and it wriggles itself out a soft and tender looking ’hopper. Soon^ 
however, the tender limbs and body become dry and. rigid, and the 
^‘new” locust is again in trim for its raids wjth thousands of (iomrades 
that have also just undergone a like transformation. Its skin is now 
loose and llabby, and its appetite keen from its late fast. The time re- 
quired for this transformation or rather molting of the skin varies from 
one-half to more than one hour, according to the state of the weather and 
strength of the locust ; warm, sunshiny mornings, immediately after 
a gentle shower, being the most favorable; at least this is my experi- 
ence in reference to the last or pui>al molt. 

The habits of the young are quite similar to those of the mature insect 
In many respects, while in others they diifer to some extent. As just 
mentioned they are migratory by nature and commence traveling soon 
after hatching, not entirely in search of food, but also for the imrpose of 
satisfying that inherited longing for travel with which all little C. spretm 
come into the world. They all move in the saine general direction in 
which their parent swarms did as they came into the district where the 
eggs were deposited. On warm sunshiny days the little fellows become 
somewhat scattered as they hop about in search of food; but on the 
approach of night or lowering weather they huddle together in sheltered 
localities, especially in old grass, straw piles, under clumps of dirt, &c.y 
where they seem to be contented. As they grow older their numbers 
diminish from the loss of companions by birds, insects, disease, and the 
hardships of cold and wet ; but their desire to move has also increased. 
They lijjve left their hatching places and gone to the neighboring lields 
if in a spttled district, or to fbe green valleys where tender herbs and 
grasses abound if in wild and unsettled districts. The pupal or inter- 
mediate stage differs but little from that of the larval save that in this 
stage of their lives they are more slovenly or sluggish and less ravenous, 
although not altogether dormant like the corresponding stage of some 
other insects. 

During storms and cool days in spring the young are often so be- 
numbed that they are unable to rally with the succeeding sunshine, and 
in such cases die of sheer exhaustion. 

Having mentioned a few characteristics pertaining to the natural 
history of the young, it will now be in place to miention a few additional 
traits belonging to the old or winged insects. 

As soon as circumstances will i^ermit after tfie advent of its change 
from a wingless insect to that of one possessing wings, it leaps into the 
air, unfolds its new and hitherto untried members and Lakes a short 
flight. As soon as ev^y thing is favorfiblc, which is on the first fine 
morning with a pretty brisk breeze, with one accord numbers spring 
into the air, and begin rising in a circling manner until they Ipiye at- 
tained a sufficieut altitude, when they permit the wind to carry them 
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along. During flight their position is generally face to the wind and 
partially elevjited. At least this is the position in which I have noticed 
;great numbers of them while drifting. They do not fly, but float on 
the breeze,- and move no faster than the wind does. 

While on tlie move their actions are controlled to a great extent by 
the atmospheric conditions which have already been noticed under the 
liead of ‘‘general notes.” When hungry they come down and feed, and 
then are off again. This .state of affairs continues until near the time 
for commencing operations for the continuation of their kind. This 
takes i)lace within two or three weeks after obtaining wings. Coition 
and egg depositing are then kept ui) alternately until cold weather sets 
in or until they die of exhaustion; the number of egg deposits made 
by a single female varying from one to four, each of which averages 25 
eggs ; the interval between egg deposits being from four to eight or 
more days according to the state of the weather and the vigor of the 
insect, it being much more frequent in favorable weather and witli 
healthy and vigorous females. After egg laying is over they die from 
the effects of frosts and from the exhaustion brought on by the exer- 
tions of reproduction. 

“How does it happen that this insect becomes so exceedingly’' numer- 
ous at times when other species remain norman” is a question that has 
frequently been submitted to me. My aliswer is, through its migratory 
habits and the characiter of its native habitat. As soon as surroundings 
become adverse to its increase, it has but to launch itself into the air 
and be off' for a locality where these are favorable, and where there are 
few or no enemies ; while species not i)Ossessing this habit are obliged 
to remain and struggle on in the best way they can. While migration 
does not always prove beneficial in this direction, the cased where it 
does not are so very tew that in the end they are not noticeable. 

If wc take any insect that has gradually devcloi)ed this habit we find 
one that has become alarmingly common and destructive. The Colorado 
Potato Beetle, for instance, is an example of this sort. But a very 
few years ago we only heard of it as being found in moderate numbers 
feeding on a wild species of solanuin (Solanum rostratiim ) native of 
<loloiado and adjacent country^ Oii the approach of man, however, 
with his cultivated plants it found a new solanaceous plant that it pr6- 
fciTcd to its old and long-used one. The growth of the latter being 
certain and not fortuitous gave this insect a basis, and in a very few 
years it began to move from field to field, establishing colonies wherever 
it went, until now it has not only spread throughout all Eastern North 
America, but has also succeeded in reaching Euro])e. Although not a 
parallel case with that of G, spretun, it is a fait exain]>le of how migra- 
tion favors the increase of a particular species of insect in contradis- 
tinction to one that is non migratory. The Chinch Bug and Cotton 
Worm are also examples of the increase by^ migration or' moving from 
oneTocallty to another. 
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Of course, in the case of the locust, there are other agencies besides mi- 
gration that tend to such abnormal and alarming increase. The peculiar 
climate and surface configuration of its native habitat are both of such 
a nature as to favor this end. The long stretches of treeless areas, and 
the <*omparativo absence of enemies of all kinds, with the aridity of 
climate, are such as to favor it in the highest degree ; also the absence 
of man’s destructive agency. When the numbers become excessively 
great in their native habitat, their desire for moving increases to such 
an e.xtent that they are not satisfied with short journeys — in fact they 
are obliged to take long ones in order to find the necessary amount of 
food which so great an army of ravenous locusts requires. It being 
impossible to obtain this short of a climate of such a nature as to pro- 
duce an exuberant growth of vegetation, they necessarily continue to 
drift with the wind until such a region is reached. Since, during these 
movements, the prevailing winds are from the northwest and west, the 
^swarms must accordingly reach the fertile regions along the Missis- 
sippi Valley, in Dakota, Minnesota, and southward. While here they 
must follow their instinct of continuing their kind, and accordingly de- 
posit their eggs — always choosing such localities for this as most nearly 
resemble the arid region from which they came. The8(3 eggs hatch with 
favoring weather, and produce great numbers of young. Some of these 
as they mature rise into the air and are returned to the arid regions of 
the West and ITorthwest by winds prevailing at this time of the year; 
while others are destroyed by various animals, birds, and insects, and 
also by moisture and heat. To prevent these migrations and to destroy 
both old and young while with us in the Temporary Eegion, and also 
in the Permanent one, has been the aim of those who have taken suf- 
ficient interest in the matter to make it a subject of study. Just how 
nearly this object has been attained, I will not say; but that much has 
been accom[)lished there is no denying. 

Aside from man, and the numerous contrivances which he has per- 
fected with which to destroy this insect in all of its stages, there are 
hundreds of birds, mammals, reptiles, aiul insects, that spend the greater 
^portion of their lives in keeping this locust within bounds, and which 
by their work alone would soon reduce its numbers to a normal con- 
dition, if they could only follow it up, or if it could be kept in one local- 
ity — this locality to be within the confines of the wooded portion of the 
Temporary liegion. 

It is not my intention now to enter into a detailed account of all of 
those that I have seen in the act of de^jouring this and other locusts. 
For such an account I am pleased to be able to refer all who desire to 
study this particular branch of locust literature to Prof. Samuel Augh- 
ey’s admirable work, entitled Nature of the food of Nebraska Birds,’? 
and published in the first report of the Commission. In this essay the 
author cites hot less than 630 cases of dissection of at least 90 species 
of birds, made by himself during a period of twelve years. These dis- 
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sections show how partial almost every one of these birds is to locusts 
as food. Not only the wild birds of a country, but also all kinds of 
poultry attack them with avidity. Even squirrels, mice, cliipmuiiks, 
weasels, skunks, and Larger animals devour them in great numbers. 
During my sojourn in Central Montana last summer (1880), I frequently 
saw the little striped squirrels (of which the country is full) capturing 
and devouring locusts, and that this is a common practice with most 
rodents there is but little doubt, as we know their habit of frequently 
changing their diet from vegetable to animal substances, and also* 
find numerous remains of locusts and other insects in the neighbor- 
hood of their haunts. All reptiles and fishes at times do a great deal 
towards lessening the numbers of this as well as other injurious insects. 
However great is the destruction of locusts by these animals, which we 
can see, it is carried on in a much larger scale by insect parasites which 
we do not notice. These are almost equally as numerous in species and 
far more so in individuals. Some of them confine their attacks exclu- 
sively to the eggs, others to the young, while still others only destroy 
the mature locust. Others attack it in all of its stages, and in their 
modes of life succeed in accompanying it throughout' large tracts of 
country. 

The eggs of the locust are attacked by a great variety of insects, 
which, as a rule, feed upon them in their larval stages. Of these the 
most noticeable are several species of two- winged flies of the genus 
Anthomyia, quite a number of species of what are popularly known as 
“bee- flies,” and the grubs of several species of beetles that are closely 
allied to the “ Spanish Fly.” In addition to these quite a large number 
of other species have been known to attack them. 

The most beneficial of these egg parasites are those known as locust 
mites. These often become very numerous, at times having been known 
to destroy as high as 70 per cent, of the eggs laid in portions of Minne- 
sota. They have also done much good in portions of Dakota, Iowa, 
Nebraska, Kansas, and Missouri, and in part helped to save many a 
field of grain that would otherwise have been devoured. Native species 
of locusts are also attacked by these mites, but whether these are of the 
same or different species I am unable to state at present, not having 
examined them with a view of determining them. I have also seen 
several species of Meloidm so completely covered by these little red 
mites that they appeared like a moving mass of red insects, and it was 
with great difficulty that they were enabled to move about. 

The habits of these mites are , such, too, as to aid in the furtherance 
of their good work. Early in the spring 

The female lays between 300 and 400 miniite, spherical, orange-red eggs lu the ground. 
They are usually from one to two inches beneath the siitface and in slightly aggluti- 
nated masses, w'hich, however, easily become scattered upon disturbance of the soil. 
From these eggs, in duo time, there hatch little orange mites, which differ from the 
parent in having hut six legs. — (Riley.) 
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Tlicso minute mites are very active, and from Lunger or by instinct 
soon crawl upon the bodies of locusts, where they fasten themselves to 
the wings and softer parts and fill themselves with the locust^s juices. 
Being now aboard, when the locusts staiij out on their migrations, these 
unwelcome and dangerous i)assengers are carried by them to their 
new breeding grounds. As soon as the little fellows have sufficiently 
gorged themselves they let go their hold and drop to the ground, where 
they betake themselves to some sheltered place and continue to grow 
•and change their form. By this time their adopted hosts have gone to 
work and deposited their eggs. They now, or early the following spring, 
crawl down through the mucous substance which fills the upper portion 
of the hole in which the eggs have been deposited until they reach the 
eggs, when they begin their good work by devouring them one after 
another. 

The bird enemies of the locust’s eggs are very numerous ; and in 
many instances, without the aid of the farmer, they scratch out and 
devour great quantities of them. The principal mode, however, in which 
they work is to follow the i)low and harrow and eat the eggs after they 
have bqjn turned up and partially exj)oscd to view. Blackbirds, crows, 
and many small birds, witli poultry, are the most active in this work 
of destroying eggs. Mice and shrews, too, are very fond of locust eggs, 
and quite frequently have 1 seen where they have dug up and eaten 
them. In localities adjoining low, wet places instances of this kind are 
quite common, and in such localities I have on several occasions sur- 
prised and Uisturbed these small mammals while ap[)areiitly at this good 
work. 

The young or larv® are equally and, if anything, more sought after 
and devoured by these various classes of enemies. Birds will live on 
them alone in preference to their lordinary food, while a great variety 
of beetles, Hies, wasps, &c., will eat them ravenously. In fact so greed- 
ily are they sought for by these animals that it is really surprising that 
a single one of them attains maturity. It is due only to their great num- 
bers and to their habit of secreting themselves. 

Keither are the mature locusts free from the attacks of these Vearious 
enemies, but, having increased so much in size, it requires fewer of them 
to satisfy the appetites of this reducing army. Nevertheless millions 
of these too have been permitted to mature only to be eaten ere they 
make provision for a future generation by depositing their eggs. 

Among the internal parasites of the locust are various species of 
Tachina and fiesh flies. These, at all^ times and in every part of both 
the Permanentand Temporary Begions, do much towards diminishing the 
otherwise large increase of this dreaded pest. As far as I am person- 
ally concerned, I must confess that I have never bred more than about 
a dozen of these flies from locusts. These were about equally divided 
between two species, viz., Tachina anonyma Biley, and Sarcophaga 
carnaria L. I have, however, seen hundreds of their maggots creeping 
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along tlio ground during locust years, and have also taken a very large 
iiuiriber of the locusts that were infested with them. At present I can- 
not recjall the dates when they appeared in greatest numbers, but recol- 
lect quite well their ai>pearauce in 18G5, when I was assmting some 
neighbor boys to keep the locusts from a cabbage patch. 

1 do not now remember whether I obtained any of the llesh flies 
(Sarcophaga) from the bodies of the matured locust, but have taken 
them on the ground soon after they left their victims. Some of these 
flies infest the larvae and pupae as well as tlic winged insects. 1 have 
also oft<m seen tliem attacking other species of locusts besides the 
niigratoi y one, and not unfrequently have 1 found these grubs or mag- 
gots in my drying box after having pinned large series of ^‘natives.” 
Tliese uudoubtediy belonged to several species and genera, judging 
from their slight dilTerences in size and form; but as I had not the time 
and facilities for rearing them, the species remain undetermined. 

Until quite recently the larv'al habits of our various blister beetles 
were but little understood. Since the researches of the Commission, 
however, the preparatory stages of many insects which had hitherto 
been shrouded in mystery have been ascertained for the first time. 
Among these were those of quite a number of the Meloidae, It lias been 
ascertained that they feed upon the eggs of locusts, and especially 
those of 0. s^retUH. This, then, accounts for the great numbers of these 
insects that are found in all the leading locust areas of the West and 
Northwest, especially in the latter district. Eiley has shown in the 
report for 1878 juid 1879 the peculiar and interesting feature possessed by 
the young of some of these insects of protracting development one, two, 
or even more years, thereby supplying a new means for the continu- 
ation of a species that is dependent upon uncertainties for its continu- 
uatioii among tlie living. , 

I have noticed a great number of species of these, in. sects both in Mon- 
tana and Colorado. In Montana they were mostly partial to the Legu- 
minosaa — lAtpiuus^ Astragalus, &c. — some of which in certain localities 
were covered with these beetles and denuded of their foliage, thus fur- 
nishing an example of an insect that in its preparatory stages is jjarasitic, 
on another, and that after maturing lives upon a plaiitnot eaten by the in- 
sect on which it was a parasite. In this way, then, the parasitic beetle is 
not only insured a chaiiec of perpetuating its kind througli its capability 
of lying dormant in its imperfect stages for an indefinite time if the neces- 
sary amount of food is absent, but also through its choice of food, in its 
perfect state, since it lives upon that which the locust discards. In Col- 
orado the food-plants of these beetles are chiefly such as belong to the 
Compositae and Solanaceae — a few choosing the cultivated potato. 

To these imtural remedies add all those which liav'e been devised by 
man, and we have such a formidable array of destroying agencies at 
work against the lives of these locusts in the egg, larva, pupa, and 
wiu4:ed states, that, vVere it not for their incalculable numbers, they would 
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soon be eradicated forever from the face of the earth and an end put to 
their ravages. But, taking into consideration the vast numbers of 
these insects in connection with their leading traits, we sopietimes lose 
all faith in our ability to ever keep them within bounds. If we could 
prevent their migrations, perhaps we might hope for success; but other- 
wise not. This is the conclusion arrived at by those who have not de- 
voted a lifetime to the study of this and other insects of like nature. 

Those, however, who have looked into its minutest traits and fol- 
lowed the insect throughout the various portions of country at times 
visited by its swarms, even iiope to be able at some future time to check 
its devastations notwithstanding its migratory nature and its habit of 
withdrawing from the settlements to the vast unsettled plateaus of 
the West and Northwest, where for a succession of years it goes on 
with its process of multiplying without being disturbed by birds and 
other natural enemies — in fact where everything appears to favor its 
greatest possible increase. They hope to be able to prevent its coming 
into the- country known at present as its Temporary Region, or place 
of periodical visits. This can only be done by preventing its abnormal 
increase jn its native habitat. Just how this will be accomplished, it 
is difficult at present to state ; but by watching carefully and noting 
from time to time all the weak points in its habits that present them- 
selves, I am confident that at some time in the future we shall learn the 
true secret of its strength, and thereby be enabled to head it off. In 
order to do this, however, we must be on the alert and continue to 
study it in its native habitat — gathering all the additional data possi- 
ble in relation to its breeding, habits, movements, enemies, and the 
influence of various agencies upon all these. No other insect that has 
been studied with a view to its destruction has so long ^|^ffied the 
efforts of experts in their desire to discover some means of reducing its 
numbers as this one has ; and this has been all owing to its general 
modes of life. There is hardly another one but that sooner or later has 
been compelled to succumb to man’s devices. 

Tree culture, too, throughout the country would be one step towards 
.the final extermination of this insect. By planting groves of trees 
throughout the prairie lands, tiinber loving birds would be entice<l away 
from their haunts .along rivers and smaller water-courses, and thus 
would millions of insects be destroyed that otherwise would propagate 
their kind in. numbers sufficiently great to destroy everything green. 
As before intimated, the absence of trees from these vast stretches of 
the West is the iirincipal reason for the development of locust swarms, 
and wherever we find a country of like character we find one that pos- 
sesses its hordes of migratory locusts, and that at times sends out its 
swarms into the surrounding fertile districts. 

Knowing that, as a rule, every animal, whether vertebrate or inver- 
tebrate, is so constructed as to be able to withstand only a certain amount 
of variation in climate and diet, the question naturally arises wliether 
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or not the difference in climate and vegetatioii between the permanent 
and temporary home of this insect does not have some iiifliieiiGe on its 
growth and increase, as well as on its adaptation to these diversities.^ 
The Permanent Eegion, with its comparative sameness of climate season 
after season and year after year, is in unison with this insect’s mode of 
life. Hence, when it chances to come into a country that has a variable 
climate these influences begin to count against it. The region tern- 
porsirily occupied by 0. spretus is one in which there is mucli rainfall, 
and which is warmer than its permanent habitat. While the eggs do not 
appear to be deposited earlier in one section than in the other, the con- 
tinuation of the warm weather of autumn in the Temporary Kegion has a 
tendency to partially hatch these, and the following cold winter weather 
to destroy their vitality. In other words, after the eggs have once be- 
gun hatching the alternate freezing and thawing or cessation of this 
process diminishes their vitality to some extent. Consequently, young 
hatched in this temporary locality are not as robust and healthy aa 
those reared in the Permanent Re^on. A remarkable instance illus- 
trating this was the spring of 1877 after the open winter previous. In 
speaking of this Professor Samuel Aughey says: 

# 

It (the locust) cannot long endure a combination of low altitudes and moisture^ 
combined with extreme and sudden changes of temperature. Hence, the locust can 
never become localized iii^ Nebraska. The memorable spring of 1877 is a notable il- 
lustration of this fact.. In March and Aiml immense numbers hatched out, and then 
followed cold rains, with sudden alternations of extremes of temperature. Countless 
millions of young locusts died. In many spots whore the ground seemed to be covered 
with them, none could he found in a few days. Nothing convinced mo that death 
was the cause of their disappearance, until, getting down on my hands and kueos 
and exaniiniug the ground with a huge magnifying glass, I found their dead carcasses. 
The young brood just hatched out disappeared as if by magic from whole counties. 
The localil ie^wlicre miicli damage was done were exceedingly few. In fact the brood 
was so impaired con.stitutioually that it fell an easy victim to the extremes of a moist 
climate in a comparatively low altitude. I also noticed, in previous locust yejirs, 
that moisture aceoiiipanicd by an extremely hot or cold day, was always fatal to many 
of them. 

Numerous instances of like cliaracter came under my notice in that 
and other yearKS. 

The winged locusts, too, suffer from the effects of change of climate 
which they must undergo in passing from the I*ernnineiit to the Tempo- 
rary llegioii. Quite a mimbor of insUnces of internal fungoid growths 
have come under my notice within the jiast twelve years. I have also- 
seen large numbers of them die from the effects of what to me ap- 
peared to be some kind of pestilence. When examined with a micro- 
scope nothing unusual could b^ detected except the peculiarly flabby 
and unhealthy appearance of their muscles and viscera, which were of 
a yellowish color. 

Locusts’ eggs are so much affected by the warm falls of this region that 
in the following spring they are found to be pactially destroyed by semi- 
decoffiliosition. — (Aiighey.) Many of them also become attacked by 
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fiiohl. I recall very well the spring of 1873, when great immbcrs of the 
eggs deposited the previous tall failed to hatch, and upon examination 
were found to be moldy. This is caused by the warm wet weather in 
fall. The lining and covering to the egg-pod partially decompose under 
these conditions, and then tliis decomposition is imparted to the eggs, 
which undergo a sort of fermenttitioii — thus htting them Cor the growth 
of various molds. This condition of affairs was quite extensive in this 
and adjoining counties'* where 1 had the opportunity of examining them, 
but how general in the State I am unable to state, as I made no efforts 
at the time to ascertain. Sandy soil, however, appeared to be com- 
paratively free from these conditions, 1 suppose on account of its porous- 
ness and property of absorbing moisture, or of peniiitting it to soak in. 
In those localities where the eggs were attacked by mold the species of 
Anthomyia Hies were also quite numerous. Hence, it appears that on 
sandy soil the eggs are freest from all destructive agencies; true, such 
localities are more like the permanent breeding grounds. 

Naturally with the increase in the number of farms and advance of 
the settlements upon the frontier the devastation by locusts will be felt 
less. They will divide their ravages among more farmers, and hence 
none will feel the losses nearly as much as did those who were isolated 
from their neighbors during past - invasions. Thinly-settled districts 
suffered much more than those which were more thickly settled; and 
those lying out upon the prairie than those adjoining and interspersed 
with groves. During these invasions there was no y«ar but in which 
a portion of the crops was saved and harvested by the farmers of the 
extreme eastern portion of Nebraska and other sections of country that 
wbre comparatively thickly settled, and that were situated near some 
natural timber- belt and interspersed with planted grove^ while, on 
the contrary, those that were far away from these natural and artificial 
groves, and thinly settled, were entirely devastated by the hordes of 
ravenous insects. Hence we are comiielled to acknowledge that the 
settling "of a country in which the settlers are tree planters has a ten- 
dency to diminish the ratio of locust injury. 

Tree-planting is not only a matter of great importance to the inhab- 
itants of a country like ours in supplying a much-needed material for 
fuel during our severe winters, when at times it is impossible to obtain 
<joal — either from the failure of a sufficient siii)ply at the mines, or 
from the impracticability of reaching towns wdicre it can be obtained — 
but it is also of untold benefit as a moderator of climatic extremes. 
By planting trees throughout the Temi)orary Region wherever they 
will grow, in time the area in w^hicfi the locust is capable of con- 
tinuing its existence but two or, at most, three generations, without 
having recourse to the arid regions hitherto referred to as the permanent 
breeding-grounds, will be increased. Aside from the greater amount 
of humidity that would- naturally follow tree-planting, the spread of 

« Gaming County and othen in Nebraaluk 
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locust-feeding birds would be correspondingly increased, and the amount 
of good thus accomplished could hardly be estimated. As long, how- 
ever, as there are no retreats or building places in which these little 
feathered friends of ours can rear their little ones, we need not look for 
their aid in fighting insect enemies. 

The increase in the number of settlers would also add to the number 
of individuals to fight the locusts, and hence help to increase the sum 
total of their dead and to diminish the swarms otherwise remaining to 
do damage and to increase at the ratio of an hundred fold. 

There has been a great deal of disagreement in reference to the con- 
tinuation of the nights of locust swarms during short and local rain- 
storms, and also at night. That they do continue I think there can 
be no longer any doubt, since the cases where locusts weni seen in the 
air immediately btd'ore and after local rains of short duration are quite 
common. This summer, while near Golden, Colo., I saw a few locusts 
flying very high during the progress of a rain-storm. I was at an eleva- 
tion of about 8,500 feet at the time, and the locusts were seen through 
small openings in the clouds. At other times also, of which 1 cannot 
just now give the precise dates, I know of instances where thunder 
showers came up, and during their progress large numbers of locusts 
came down as if with the rain. The first of these, of whicli I liave any 
knowledge, occurred in the month of August about fifteen years ago. 
About noon, or a little later, a heavy thunder shower came up from the 
northwest, and we boys, who were out with the cattle, began gathering 
them together so that we could remain in the shelter of a tent that 
we had erected during the coming of the shower. Well, just how we 
succeeded I do not now remember; but after it had rained about an 
hour we vNfeiit out, when, to our great surprise, there were thousands of 
“grasshoppers” jumping about in every direction, and others were 
coming down as if from the clouds. The majority had fallen during 
the earlier part of the storm, however, as we noticed comparatively* 
few of them coming down. During the same afternoon, after the sun 
came out, others were seen in the air. Those which had fallen did not 
leave until the next day. A few of them must have been killed in com- 
ing down, because every now and then we found their carcasses lying 
on the ground, some of which we picked up and used on our pin-hooks 
for catching fishes. Other incidents, similar to this, have occurred 
since, but as they did not impress themselves as vividly upon my mind 
as did this, I do not now recollect them as well, and therefore can give 
no date. • 

Also during nights when the wind continues to blow quite briskly, 
and the temperature remains unchanged or falls but little, swarms 
that are on the move sometimes continue to fly. I recollect several 
instances in proof of this where locusts were known to leave a certain 
locality about noon one day, and were not known to have come down 
until some time during the following day. One of, these occurred in 
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1873, when a swarm left the southern part of the State, and did not 
alight again nntil the following day, when it came down in the north- 
ern part of the State, having flown about two hundred miles before 
coming down to feed. Other small swarms have frequently come 
during the night and eaten fields of grain before morning. A case of 
this kind occurred in 1865, near Fort Calhoun, Nebr. In the evening no 
’hoppers were to be seen, but on the dawn of the following day they had 
appeared and eaten the greater part of a field of corn. 

The majority of cases where swarms have been known to continue 
their flights into the night are confined to the Temporary Eegion, and 
during the earlier part of the 3 ^ear when they are working their way 
.northward with south winds. The further north they proceed, and the 
closer to the Permanent Eegion, the fewer are these unnatural flights. 
This is undoubtedly due to the comi)arative coolness of the atmosphere 
in these high latitudes and great altitudes, which anyone knows is a 
restriction to their activity. Moonlight nights, too, are preferred for 
these journeys in preference to dark and cloudy ones. 

Although the general rule is for this insect to be single-brooded, it 
does occasionally by its position and migrations succeed in becoming 
double-brooded. Swarms reared in Texas in early spring sometimes 
reach Nebraska and even Soiitliern Dakota in early May. These gen- 
erally leave eggs that hatch in about a month, thereby giving the young 
the months of July and August in which to mature. These, however, 
it is claimed, never amount to much, on account of the abnormal condi-. 
tions under which they are developed, and very rarely deposit eggs. 

In the mountain district of Montana and Idaho, as well as in portions 
of the Temporary Region, I have noticed that after the majority of the 
young were full-grown there were still others apparently just haUdied. 
Now, it may be that some of the instances of so called double-brood ed- 
ness in this insect, if critically examined, would* prove to be the hatching 
* of eggs that through various causes had been retarded longer than 
usual. That this unevenness in hatching is of frequent if not regular 
occurrence, anyone who has taken the least pains to ascertain will 
know; but hpwever common this may be, there arc and have been occa- 
sionally instances in which the evidence favoring double- broodetlness 
could not well be doubted. We may then take it for granted that un- 
der certain conditions it is not only i)ossible but actually true that 
G. spretUH becomes double-brooded. Yet cases of this kind are compar- 
atively few. 

SUB-PERMANENT REGION. 

Immediately joining the Permanent Region of this locust, and lying 
between it and the regioup temporarily visited, is a tract of country 
possessing in i)art the characteristics of both of these regions. This sec- 
tion of country, as would naturally be sii[)posed, is oftener visited by 
swarms of locusts from the north and west than are the various portions 
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of the Totnporary Begiou, siuce it is much more favorably situated. 
This rogiou, too, possesses the chief characteristics of the Permanent 
Region, but slightly modified, and hence answers as a sort of “ stepping 
stoiie’^ in the passage of swarms from one region to the other. Here it 
is tl'.at quite frequently great numbers stop to breed in their fiights from 
the northwest to>vards’ the settlements of Minnesota, Nebraska, and 
other portions of these Temporary Regions. Here they make provision 
for a fresh start the following season — not the same locusts, but tlieir 
oflspring. On their return flights also this intermediate location is used 
by the stragglers and those that come from the far south as breeding 
grounds. 

This region is confined to the eastern rather than to the western range 
of the migratory locust — unless we also term the entire western breed- 
ing grounds, the Western Temporary Region. Tliis, however, we would 
hardly dare to do, since in these parts it is enabled to continue year af- 
ter year for an indefinite length of time without showing the least signs 
of disease and of dwindling. This interior basin and Western mountain 
region being at a greater elevation than the region ^fying to the east, to 
which has been given the name of the Sub-per;nanent Region, more 
<;losely resembles the true home or Permanent Rejgion, and hence its not 
being included under that name. / 

Having already noticed the partiality this insect possesses for a cool 
climate, we would naturally and truly suppose that it would be boreal 
in its nature. This being the case, we would expect to find it the most 
numerous and enjoying the greatest immunity from all sorts of deterio- 
rating influences to the northward. This, at least, is the fact. The 
further north we go in the interior basin of the Mississijipi and Missouri 
Rivers, the more at home do we find the locust. At present, however, 
it is not possible to give the exact temperature and other agencies that 
are requisite for this insect’s greatest increase. 

While -this insect appears to be the only species that increases so* 
rapidly and becomes very numerous east of the Rocky Mountains, there 
are several other closely allied species, or rather varieties, that at times 
become quite numerous west of this range of mountains. These un*. 
doubtedly are but local forms of C. spretm, produced by climatic and 
other influences. Of these other locusts, one in i)articular at times 
becomes very numerous, and moves in swarms precisely like those of 
the true or migratory species, C. spretnsj and possesses habits almost 
identical with those of that locust. This is the 0. atlanis Riley, treated 
of in the first Report of the Commission. It is confined to a locality 
having the peculiar climatic conditions of the Permanent Region, some- 
what modified by the presence of a greater amount of moisture and an 
increase of temperature, also an increase in the timbered area. This 
region is confined to the mountain districts of eastern Oregon, and a 
portion of northern Nevada, with, perhaps, a small area in southwest- 
ern Idaho. This insect frequently drifts north into Washington Ter- 
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iltory, and thence eastward through Idaho into portions of western 
Montana, where it commits depredations on crops, like the true spretusy 
from whicJi it is not considered distinct by the inhabitants. They think 
it has been stunted during growth. 

A few words here ns to the movements of locusts in these parts of the 
West may not be amiss. All those swarms that come into this western 
region from the north and east are composed of the genuine G, sprvfus, 
while those that leave approach nearer to atlanis. The movements hero 
also difler to some extent from those east of the range, where there are 
longstretclies of plains uninterrupted by mountain ranges and belts of 
timber as they are in the mountainous district west. Every river valley 
and mountain cliain or spur has a tendency to change the course or to 
retard the movements of swarnis, while the winds for the greater portion 
of the year are contrary, thus adding to the already numerous perplex- 
ities. To understand all these moA^ements, and the laws hy which they 
are regulated, will require considerable more time in which to investigate. 

Other marked varieties of this insect are claimed by different fanners 
to occur in isolated sections of the Northwest, and it. is thought ti^ese 
differences are altogether due to the variations in the climate and sur- 
roundings. For my part, I will not express an opinion at present, as I 
have not had sufficient opportunity to examine into the matter. 

Although in the field from the middle of July to the 1st of November, 
I saw comparatively few of these locusts. Nevertheless at almost every 
locality where I stopped off, a few of them were seen. 

While out on the plains east of Greeley, Colo., August 6, 1 saw a few 
flying to the north. They were the most numerous at about 2 o’clock a. 
m., but not numerous enough to cause unnecessary alarm. After this I 
saw other very limited flights in the vicinity of Fort Collins, Golden, 
and Denver. Others were §een on the ground with the “natives,’^ 
but nowhere did I find them as numerous as several species of these 
latter. A swarm” of locusts was seen on Salt Kiver, a branch of the 
Snake River, about the last of July, by W. A. Irwin, of Rawlins, Wyo. 
He did not, however, notice any of them in the air, but was quite posi- 
tive as to their identity. Could not have mistaken them, as had seen 
too many in Kansas.” Another swarm of this locust was reported as 
having hatched in the vicinity of Deer Lodge, Mont., the present year. 

All at once” they disappeared and were thought to have been destroyed 
by birds and insect enemies, as none were seen in the air. Still another 
swarm was hatched among the foot-hills about Missoula, Mont., where 
they did some injury to Avild grasses. They did not come doAvn into the 
valley, but upon “ getting their wings became very restless and flcAV about 
as if not knowing ANhich direction to take.” — (Dukes.) They finally 
left, mostly" towards the |oiith, a fcAV, hoAvcA-er, going north. Those 
going south folloAved up the Bitter Root and its tributaries, while those 
going noii:h drifted towards the Flat Head Lake. Other swarms of 
locusts were seen at various localities on the Spokane and Snake Stiver 
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Plateaus, where they hatched last spring. One of these in particular 
was quite extensive, though not known to have committed any injuries 
to crops as far as I was able to learn. This swarm was hatched along 
the line of the Northern Pacific Railway and westward, where they ate 
off the grasses in many localities. I was unable to ascertain anything 
definite about their movements, if any. Some individuals told me that 
they did not leave, but died off towards fall, while others said they had 
not noticed. Was not able to obtain any of the live insects, but gath- 
ered a few of their carcasses that were lying about on tlie ground. 
Another section where they were reported to have hatched this season 
in eastern Washington Territory is between Colfax and Dayton, where, 
at one place, they did much injury to several fields of grain. Others 
were reported as having hatched in the vicinity of Lewiston, and farther 
u]) the Snake River, as well as in a small portion of eastern Oregon. 
Very few, however, were noticed in the air. 

It therefore ap])ears that at present the number of these insects wfithin 
t lie limits of the United Stales is coiniiarativcly small, and, if there are 
no more in the Rritish Possessions to the north, we need not be alarmed 
the coming year, as there will be no probaliility of invading swarms. 

The question now naturally arises whether or not we sliall be visited 
in the near future liy swarms of these locusts; and, if so, how can we 
ever expect to become rid of them. In answer to the former question 
1 will say that this depeiuls altogether on the number of locusts in the 
IVrinancnt Region of Mon tana and nortlnvard from time to time ; and also 
upon the seasons in these regions, as well a;s upon the prevailing winds 
while the locusts are upon the move. If there are l>ut few locusts in this 
n^gion wo <ian receive but few i’rom it. Again, as long as their numbers 
are few in any locality, their flights are correspondingly shorter. Should 
there, however, be a succession of favorable seasons in this region, we 
may expect them to call in the Temiiorary Region just as they have 
done in the past. Of course Dakota and Minnesota will be more in 
danger than those States lying farther southward, for reasons heretofore 
mentioned, and therefore the inhabitants of this section will always have 
more to do in fighting them than will those who live farther from their, 
breeding grounds. However this may be, they are favored to some ex- 
tent in the (uops they raise, viz., wheat, oats, rye, and barley. Should 
the locusts come into our section of country, which is quite probable, 
the only thing for us to do is to take matters coolly and philosophically, 
and do all in our power to prevent their offspring from returning to the 
Permanent Region the following season; and not do as many farmers 
did during past invasions, viz.^ put our hands in our trousers-pockets 
and expect the Commission to destroy the locusts, and the government 
to clotlie us and our families until Providence gives us another crop. 
There is no longer any excuse for not knowing how to fight this in- 
sect in all its stages, since almost every county paper in districts vis- 
ited bT liable to be visited has hinted at the various means suggested 
4 E c * 
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by members of the Commission and such energetic farmers as tried to 
save what they could of their crops. 

Eemeinber, also, that every elibrt put forth in fighting locusts is so 
much towards their diminution and future immunity from their attacks. 
Every locust that is destroyed before the breeding season subtracts 
about forty from the possible increase the following season. 

In speaking of the future in reference to the depredations by locusts 
in Nebraska,* Professor S. Aughey says : 

When the area under cultivation is trebled, the amount of damage which they can 
do will be more than one-half loss. Another more potent agency against their in- 
crease and destructiveness is the increasing rainfall of the State. We have already 
seen how the wot season of 1877 destroyed the greater x>Ai't of those that appeared 
that spring. During each coming decade the number of similar seasons will increase. 
The instincts of the locust will also prompt it to remain away from a region so hostile 
to its existence.^ 

Wliat is true of Nebraska is also true, to a great extent, of the larger 
part of the Temporary" llegioii. 

For my part, I am inclined to believe that we have experienced the 
worst raids from this insect, and that if any more visitations are inaile 
in the future, each successive one will be felt less for reasons heretoi'ore 
mentioned. 

THE GENERAL OUTLOOK. 

Having devoted so mii(;h space to the natural history and habits of 
this locust, it would be well to devote a little space to the probabilities 
of locust visits for 1882, and if any should appear, their extent and prob- 
able whereabouts. This can only be approximately stated by using the 
data of 1881 as a basis. As tins insect covered but a comparatively 
small area in the Permanent llegion within the United States, and in 
regions, too, so widely scattered, we may predict that its depredations 
will not be great the coming summer. 

While there were a few small flights noticed oast of the main divide of 
the Eocky Mouutains, the majority of them were confined to the west- 
ern portion of the locust area, heretofore noticed as the central region or 
that of the Snake Eiver Valley. A few small swarms were reared at 
various localities in western Montana, northeru Idaho, eastern Wash- 
ington Territory and Oregon, as well as in Nevada and parts of Utah. 
These, although I was unable to obtain sufficient data by which to sub- 
stantiate this supposition, after flying away from the localities in which 
they were reared, came down and deposited their eggs, which, of course, 
will hatch when the proper time arrives. These, according to custom, 
will migrate, but in most instances in numbers iusufficieut to commit 
great depredations. 

The first locusts that I noticed or heard of this season were those 
noticed about two o’clock in. the afternoon on the 6th day of August. 
They were on the wing at the time and were flying northward on a stiff 

■Sketches o( the Physical Geography and Geology of Nebraska, Omaha— 1880. 
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breeze. This was in tlie vicinity of Greeley, Oolo. I do not know 
where they were hatched, but think they had not come from any great 
distance. They were undoubtedly reared among the foot-hills west of 
Denver, and migrated to some part of Western Nebraska or South- 
western Dakota near the Black Hills. There were not enough of them, 
however, to cause alarm for the coming summer, biit there may and in 
all probability will be a few scattered swarms emanating from these that 
may visit portions of Nebraska and Difkota. Agjiin, on the 17th of 
August, a few C. npretus were noticed in the air and others on the grouml, 
some of the latter of which were copulating preparatory to egg deposit- 
ing. Tliese, however, were few in number, and consequently of no im- 
portance. 

The next swarm of locusts heard of was at Bawlins Station, where Mr. 
W. A. Irwin informed me that a swarm of locusts had been seen on Salt 
River, a branch of Snake River, in Eastern Idaho, July 30. He did not 
notice any of them in the air, but was quite positive that they were of 
the “ migratory species,” as he had seen this insect in Kansas and Ne- 
braska when they were so numerous there. 

Another swarm of locusts for this year was that hatched in the vicin- 
ity of Deer Lotlge, Mont. Early in May the young larvm appeared in 
great numbers over a small tract of country lying to the west of this 
city, where they did some damage to grass and several Helds of grain in 
some of the smaller side valleys. They were supposed to have origi- 
nated from a swarm that must have come in, left its eggs, and with- 
drawn immediately after this operation, as no one could inform me of the 
particulars, or even of any having been seen the previous fall. These 
also disapi)eared as mysteriously as they came, as none were seen to fly. 
It is my opinion now that this was the oil’s] )riiig of the small swarm that 
last season was reared a few miles southeast of Helena, and that was 
supposed to have been destroyed by a flock of sickle-billed curlew. 

Another swarm, or rather several small swarms of locusts, were reared 
in the vicinity of Missoula and Preiichtown this past S])ring from eggs 
that were left by a swarm coming from the north and west. These did 
some damage to the. wild grasses up among the foot hills, but did not 
come down into the valley. As soon as they matured they became very 
restless and flew about in various directions, coming and going as if un- 
decided what directioq to take. They finally left, most going soutlnvard ; 
but a few went to the north in the direction of Flat Head Lake and 
Boundary Pass, where they undoubtedly crossed over the range and 
entered the great Breeding Oenler of the North. Those going south 1 
was unable to trace, but suppose they came to a halt somewliere in the 
Salmon River country, in which locality they will rear their young, to 
continue their southward movements the coming year. 

During the fall of 1880 locusts came into the valleys of eastern 
Washyigton Territory from the northeast, did some damage to grain in 
some isolated localities along the line of the Northern. Pacific Railroad, 
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and passed on southward, leaving eggs at various points along their 
line of march. One swarm seen this year (1880) on Hangman’s Creek, 
about 48 miles south of Spokane Falls, was of considerable extent and 
continued for two days. It was about 4 miles in width where they flew 
thickest. After going as far south as the Palouse Eiver they began 
dei)()siling eggs aiid continued to do so until they crossed Snake River, 
after which they seem to have been lost sight of. Very likely it will 
prove to be identical with the swarm that was reported to have appeared 
and to have done damage to grain in the vicinity of Walla Walla dur- 
ing August of this year, 1880. 

From the above-mentioned swarms originated numerous small ones, 
that were observed throughout various portions of this Territory during 
the present sumnHir, 1881. These, however, were nowhere excessively 
numerous, and did but little damage as far as could bo ascertained, save 
in a few isolated spots. Only on one occasion were any noticed in the 
air that I could learn of, and this information was so vague that I did 
not ascertain the direction in which they were moving. At Sprague, 
on the line of the Northern Pacific Railroad, great numbers of young 
were hatched, and also for some distance southward. These, however, 
do not appear to have migrated, but remained and deposited their eggs, 
since, on October 15, 1 found great numbers of their dead bodies lying 
scattered over the ground. I was informed that this particular locality 
is always more or less infested with this insect. 

At several other points, especially along Snake River towards Lewis- 
ton, I was informed that young locusts had hatched and done, some dam- 
age, but could not learn to what extent this occurred, nor could I ascer- 
tain anything in reference to their movements after maturing. At the 
crossing (Palouse Ferry) of Snake River in early spring. Max, I believe, 
teveral fields of grain were destroyed by these little locusts. So it is 
impossible for me to predict anything in reference to locust probabilities 
in this portion of the country for the coining season, not knowing any- 
thing more definite in reference to the movements of the locusts hatched 
here this season. 

In the fall of 1880 great numbers of eggs were deposited in portions 
of Nevada and Western Utah, which undoubtedly gave birth to some 
young locusts in the spring of 1881, but not having any data whatever 
from this portion of the West with which to substantiate this, I can 
give no further clew. 

However free from locusts the country was in 1879, after the great 
raids of 1875-’77, they are again on thf^ increase, and should be guarded 
against on all sides. Of course, there must have been many more of these 
small swarms in portions of the regions not visited by me, which, if 
nothing occurs to check them, in a few years will materially increase 
their numbers. Of course, at present, the movements of these swarms 
are all independent of one. another, but as they become larger and more 
numerous they will be more closely connected, and finally become ani- 
mated with one movement. 



CHAPTER IV 


NOTES ON OTHER LOCUSTS, AND ON THE WESTERN 

CETCKBT.fi 

In addition to the several species of locusts already noticed in this 
report, there are at least upwards of two hundred and seventy others 
that are known to inhabit the various x>ortions of North America north 
of Mexico, and which are more or leas injurious to the ag:riciiltnrist 
and to those who are in any way dependent upon the ]>rodncts of the 
soil for their living. True, but few of these various locusts over becroine 
so excessively numerous as do those concerning the history and habits 
of which 1 have just written 5 neither do they ever, except on rare occa- 
sions and with a few sjiecies, become imbued with a desire to migrate. 

Tn their distribution these insects vary nuicli. Some of them enjoy a 
very wide range, and are well represented both in climatic varieties and 
numbers; others are less widely scattered and are few in numbers, 
while still others are local in their haunts and quite lew in individuals. 
Others again, while local, are well represen ^cd in numbers in their imine- 
diate localities. So diverse are the habits of these various species of 
•‘grasshoppers” that almost every nook embraced within this entire 
tract of (miintry, where insect life is x)Ossible, possesses its one or two or 
even more representatives of this group of jumping insects. Even the 
cold and almost frigid mountain suininils, as widl as the parched aufl 
desolate desert regions of Arizona and New Mexico, furnish suitable 
haunts for a few hardy species that are so constructed as to be able to 
withstand these extremes of climate. TIowever miinerons these insects 
and <li verse their haunts, it is nevertheless an undeniable fact that the 
greater number by far arc partial to a country, the climate of which is. 
moderately temperate and where the humidity is not excessive. Ne- 
braska alone possesses at least MO of them. 

In the distribution of these insects we have noticed that tlie following 
rules can be relied on to a grejit extent: (Edipoda and allies are more 
partial to warm, sunny sloi)es whore the ground is partially bare and 
where they have a chance to flit about in the warm, open air and sun 
themselves. Galopienus and alfies, as PezotettiXy Braehystolaj &c., are 
more partial to low and cooler localities where they can rest in the shach^ 
and hop about among the more luxuriant and tender vegetation. Acn- 
^ium is a lover of dense shrubbery and other luxuriant growths of vege- 

^Goniixmation of Mr Brunor’s report of observationa uutlor direction of Prolbaeor Biley, for 1881 . 
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tation, while a few others frequent forests and their borders, wliere they 
level in luxury from day to day with the katydids and other shade-lov- 
ing insects. Pezotcttix^ with but few exceptions, prefers cool and shady 
localities, and hence is often found among or near rocks, on mountain 
slopes, in clearings or on the outskirts of timber belts, and in meadows. 
A few species, as Chrysochraon and Stenohothrns, are lovers of the cool 
and damp localities along streams, and as a rule either winter as larvae 
or iHipie. These are often seen quite early in spring, and very frequently 
have been the cause of unnecessary alarm among the more ignorant per- 
sons, who imagined them to be forernimersTof a general locust irivjision. 

However numerous lliese different varieties of locusts that are scat- 
tered throughout the various portions of the United States and north- 
ward, all the others combined do not cause one-tenth so much injury as 
C. apretus does. True, several others at times have been known to be- 
come quite numerous, and have committed much injury to crops and 
vegetation in general. The chief of these are Camnula atrox, Galop- 
team differentialis, G. femur-ruhrum^ and G, atlanis; and at such times 
they have all exhibited to a greater or less degree the migratory nature 
of the true plague of the West and Northwest. 

In addition to the above-named insects of this order, I have noticed 
tlie following locusts wlien their movements partook of tlie migratory 
eliaracter, viz; Amdimn americanum^ (tJflqioda plattei^ (E, longipennis, 
and Tropidolophm formosus ; the male only of the last exhibiting tliis 
characteristic. They would start up without any seeming disturbance 
and ffy great distances before alighting, and then repeat the action sev- 
eral times, invariably going with the wind. These movements were 
made independently of one another, though occasionally I have noticed 
several locusts in the air at the same time. Whether or not this was 
^case of true migration on the part of these insects I will not now stop 
to inquire; but confess that it not only looked so to me at the time, but 
also answered every purpose that such a movement could. 

These ‘Miatives,” as they are termed in contradistinction to the mi- 
gratory species, deposit their eggs in such localities as agree with the 
, habits of the different species. They are, however, generally partial 
to sheltered and partly bare grounds where the soil is firm and not too 
wet. 

The young live where their parents do, and differ but little in their 
habits. They molt from three to four times. 

Most, if not all, of these locusts are continually harassed by insect 
a nd other enemies. These enemies and parasites do not materially differ 
from those affecting (7. spretvsj and therefore require no additional de- 
scription here. 

The following is a list of the locusts, or “grasshoppers,” as they are 
more commonly termed, inhabiting the United States and the adjoining 
portions of British America and Canada, as nearly as 1 can giye it at 
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])reseiit with the very limited amount of current literature ui)on this sub- 
ject at niy command. It may, however, be complete enough to enable 
one to make an approximate estimate of the great numbers of locusts 
inhabiting our country: 


NORTH lERICAN ACRIDID.E NORTH OF MEXICO. 


1. Achurum hrevipenne Thomas. — Florida. 

2. Mesops wyomingemlH Thomas. — Wyoming. 

3. chhrizam Thomas. — Florida. 

4. Mermiria aJacris Scudfl. — Georgia. 

5. neomexicana Thomas. — Colorado, Nebraska, &c. 

0. bivittata Scudd. — Eastern and Middle United States. 

7. Oponiala carinata Thomas. — Eastern United States. 

8. aptera Scudd. — Pennsylvania. 

0. brachyptera Scudd. — Massachusetts, Wyoming, 

10. Leptynma marginicoUe Still. — Florida. 

11. Apitenopoden uplwnaroides Scudd. — Florida. 

1 2. rufovittata Scudd. — Florida. 

13. aptera Scudd. — P3orida. 

14. Pyrgomorpha brevieornis Walker. — Southern United States. 

IT). piinctlpcnniH Thomius. — Tennessee. 

10. Oxyvoryphm otmiirvH Thomas. — Wyoming. 

17. ChryHochraon compensim Thomas. — Eastern States, British Amer- 
ica. 


18. punctiilatimi Thomas. — Connecticut. 

1 0. ahdominalis Thomas. — Montana. 


20. obscurum Scudd. — Florida. 

2 1. dear urn Scudd. — Colora<lo. 

22. AcrolophituH hirtipes Thomas. — Colorado. 

23. Pediocertetes nevadensis Thomas. — Nevada. 


24. 

25. 

26. 
27. 


28. 

29. 

30 . 

31 . 

32 . 

33 . 

34 . 

35 : 


fStenobothrus occipitalis Thomas. — Colora<lo, Wyoming, Idaho. 
coloradv^ Tliomiis. — Colorado, Wyoming. 
tricarinatus Thomas. — Wyoming. 
admirabilis Uliler. — United States east of Rocky Moua- 
tains. 

suheonsperstis Walker. — Florida. 
specimus Scudd. — Minnesota. 

maculipennis Scudd. — Florida, Massachusetts, Wyo- 
ming, Minnesota, Nebraska, &c. 
asgualis Scudd. — Massachusetts, Maine, New York, 
Minnesota* &c. 

bilineatus Scudd. — Massachusetts. 
propinquans Scudd.— Utah, Nebraska, &c. 
curtipennis Scudd. — ^Nebraska, North America east of 
Rocky Mountains. 

* clavatus Tliomas. — ^Kansas. 
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36 . 

37 . 

38 . 

39 . 

40 . 

41 . 

42 . 

43 . 

44 . 

45 . 

46 . 

47 . 

48 . 

49 . 

50 . 

51 . 

52 . 

53 . 

54 . 

55 . 

56 . 

57 . 

58 . 

59 . 

60 . 
61 . 
62 . 
(». 

64 . 

65 . 

66 . 
67 . 
. 68 . 

69 . 

70 . 

71 . 

72 . 

73 . 

74 . 
76 . 

76 . 

77 . 

78 . 

79 . 


Stenobothrns ocddentalis Sanss. — ^Tennessee. 

hrunneus Thomas. — Colorado, Wyoming. 
quadrimaculatm Thomas. — Colorado, Wyoming. 
gracilis Scudd. — Nebraska. 
j^elidnm Thomas. — ^Pcnnsjdvania. 

Gomjphocerus simplex Scudd. — Delaware. 

virgatus Scudd. — ^Texas. 

shastanus Scudd. — California. 

clepsydra Scudd. — Colorado. 

namcula Scudd. — Colpradb. 

clavatus Tiiomas. — Kansas, Nebraska, &o. 

eiiterpe C. M . Dodge. — Nebraska. 

Stetheophyma lineatum Scudd. — Massachusetts. 

gracile Scudd. — Maine, British America. 
platypterum Scudd. — New England States. 
Ghimarocepkala pacijica Sfiudd. — California. 

hrevipennis Scudd. — California. 
viridifasciata (De Geer) Scudd. — United States. 
Ohio )ui Thom as. — Col ora d o. 

infmcaia Harris. — United States east of Kocky 
Mountains. 

Fsoloessa texana Scud<l. — ^Texas. 

ferniginea. Scudd. — Texas. 
maciilipennis S(jud<l. — Texas, Colorado. 

Arphid simplex Scudd. — Texas. 

eonspersa Scud<l. — Texas. 

hit cola Scudd. — Texas. 

frigida Scudd. — Montana. 

arcta Scudd. — Colorado. 

teporata Scudd. — Colorado, New Mexico. 

Tomonotm sulphureus Sauss. — United States, Vancouver’s Island. 
xanthopterus Thomas. — Efistefii United States. 
carinaius Thomas. — Iowa, Missouri, &c. 
tenehrosus Tlmnuis. — Central United States. 
zimmermannii Sauss. — ^Florida. 

Stauronotus elliottii Thomas. — Colorado, Wyoming, Montana. 
Tropidolophus fonnosus Thomas. — Colorado, Wyoming. 
Spharagemon wquale Scudd. — North America east of Eocky Mount- 
ains. 

belli Scudd. — ^I'exas. 

balteatum Scudd. — Eastern United States. 
wyomingamm Scudd. — Wyoming. 
collare Scudd. — Central United States. 
cristatum Scudd. — Texas. 

Uncoptolophus sordidm Scudd. — Unite^ States — eastward. 

costalh Scudd. — Texas. • 
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80. Encoptolophus parvus Scudd. — Texas. 

81. Circotettix carlingianns Tliouias. — Nevada, Montana, and British 

America. 

82. maculatus Sciidd. — California. 

8;L undulatuH Thomas. — Colorado. 

84. Trimerotrojjis lati/asclata Sciidd. — ^Washington Territory, 

8o. fontana Thomas. — Utah. 

86. similh Sciidd. — Washington Territory. 

87. cccruleipes Sciidd. — Oregon. 

88. vineulata Sendd. — Washington Territory. 

89. verruculata Scudd. — Illinois, Nebraska, Montana, and 

Dakota. 

t)0. suffusa Scudd. — California, Utah. 

91. citrina Scudd. — Colorado. 

92. obHvAira Scudd. — New Mexico. 

93. * pseudo/asciata Scudd.— California. 

91. juliang Scudd. — California. 

9.^. Scudd. — Floridsi^ Georgia. 

96. Disdostcria Carolina Scudd. — United States, Canada. 

97. longipenniii Scudd. — Kansas, New Mc^xico. 

98. nehraserndis Bruner. — Nebraska. 

99. Ili 2 ) 2 )ldCUd coratlipcd Scudd. — Utah, Ne.braska, Dakota, &:c. 

1(H). lineal us Scudd. — Idaho, Colorado. 

101. ueglcctud Thomas. — Colorado, New Mexico, AVyoming. 

102. kaUltmannii Scudd. — Colorado. 

103. putnami Tliomas. — Utah or New Mexico. 

101. didcoideud Slid. — Florida. 

lOo. CamnuUi airo.v Scudd. — (/alilbrnia, Oregon, Nevatla, British Amer- 
ica, t\:c. 

106. pcllucida Scudd. — Maine, Massachusetts, &c. 

107. Aulocara decens Scudd.— Utah. 

1 08. ca’rultiprd Sy udd . — Colorado. 

109. Psinidia ivallula Scudd. — AVashington Territory. 

110. enverata Harris. — Florida. 

111. ditlcifrons Scmhl. — California. 

112. (Edocara dtrangulatum Sc.udd. — (Jolorado. 

113. tkiraideura dccussata Scudd. — CJolorado, Montana. 

114. Phlyhostroma par vum Scudd. — New Mexico, 

llo. pictum Scudd. — Nebraska. 

116. Iladrotettix irifasciaius Scudd. — Colorado, Wyoming, Dakota, Mon- 

tana, Nebraslia, &c. 

117. Trachyrachys aspera Scudd. — ^New Mexico. 

118. coronata Scudd. — ^New Mexico. 

Jl9. Berotm&ma cupidineum Scudd. — New Mexico. 

120. Aconia Integra Scudd. — California. 

121. ^tEd^oda venusta Stiil.-^California. 

122. marmorata Uhler. — Massachusetts. 
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123. (Edipoda liaydcnii Tlioni as.— Colorado, Wyoming. 

124. fencstralis Uliler. — Florida,' North America. 

135. (jracUis Tliomas. — Colorado, Wyoming. 

120. Mowa Thomas. — Colorado, Nebraska, Dakota, &c. 

127. cincta Thomas. — Colorado, Wyoming, Illinois, &c. 

128. plaitei Thomas. — Colorado, Wyoming, Nebraska, &c. 

129. mariiima Uhler. — Massacliusetts, Coniioctieiit. 

130. hoffmannii Thomas. — New Mexico and Arizona. 

131. montiina Thomas. — Montana, Idaho, &c. 

132. paradoxa Thomas. — Utal), Idaho. 

133. rugom JSciidd. — United States, Vancouver's Island. 

134. phainiaoptera Germ. — United States. 

135. parvicepa Walker. — California, &c. 

136. ChldealtiH viridis Scudd. — Morida, Nebraska, Connecticut, Illi- 

nois, &c. 

1 37. bninneus Scudil. — Texas. 

138. Amhlytrojridia subhyalina Scudd. — Texas. 

139. Dociostaurus ornatiis Scucjd. — New Mexic^. 

140. LepruH ingem Scudd. — California. 

141. ScylUna delhatula Scudd. — Colorado. 

142. Bodpedon nnbilum Thomas, — Nebraska. 

143. flarojmciatum Tliomas. — Nebraska, Colorado, Wyoming, 

Montana, &c. 

144. Phrynotettiv 'verruculatuH (Uhler JMSS). — Pecos lliver, Texas. 

145. Platyp/iyma montannm Thomas. — Montana. 

140. Chromacria colorata Walk. — South Carolina. 

147. Tropidiwris ditx Scudd. — Texas, 

148. Brachystola mugna Scudd. — Colorado, Kansas, Wyoming, and Ne- 

braska, 

149. 'virescens Scudd. — Texas, New Mexico. 

150. Eremobia magna Thos. — Arizona. 

151. Acridiumfrontale Thomas. — Kansas. 

152. luiilineahim W alker. — Indiana. 

153. rubiginoHum Harris. — Eastern United States. 

154. alutaceum Harris. — Eastern Unitetl States. 

155. emarginatum Ij^hler. — Colorado, Nebraska, and Dakota. 

156. americannm Smidd. — Eastern and Middle United States. 

157. ambiguum Thomas. — Illinois, Kansas, and Tennessee. 

158. obscurum Bunn. — Southern States. 

159. shonhone Thomas. — Arizona, Nevada, Utah. 

160. vagum Scudd. — CaliforuiU. 

161. appendiculatum Uhler.— Florida. 

162. Dictyaphorus reticulatus Thunb. — Florida. 

163. marci Bunn. — Florida. 

164. Pezotetiix olivaeeus SfCXkdd . — Texas. 

165. acutipennia Scudd. — ^Texas. ^ ' 
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Pezotettiorrariegntns Sendcl. — Colorado, New Mexico, &c. 
(htmicoUis ScMidd. — Texas. 
nudiis Sciidd. — Texas. 
lakmus Sciidd. — Kansas, Colorado. 
te.va « ufi Send d. — Texas. 
discolor Sen dd . — ^Texa s. 
flahellatus Sciidd. — Texas. 
pvpwformis Sciidd. — ^Texas. 
aridus Sciidd. — Arizona. 
a.spirans Send d . — Colorado. 
rotundipennis Siaidd. — Florida. 
pner Scudd. — Florida. 
dodyei Tlioinns. — Utah, Montana, Colorado. 
tellustris Sendd. — New Mexico. 
marshalHi Thos. — ^New Mexico, Colorado. 
stupiifaetus Scudd. — New'Mexico. 
pUujoHUH JSendd. — New Mexico. 
marginatvs Sendd. — California, 
rirax Scudd. — New Mexico. 
jnciindns Scudd. — (yalifornia. 
enigma Scudd.— Arizona. 
gracilis Bruner. — Nebraska, Dakota. 
glacialis Scudd. — New Hampshire, British America. 
ma ncus Sin i th . — M aine. 
horcldi Still. — California, Oregon. 
zimmermannii Sauss. — Carolina. 
longicornis Sa i iss. — Carol ina. 
ncbrasccnsis Thomas. — N ebraska. 
vn i colo r Th oin as. — llli nois. 
edajo Sa uss. — Carolina. 

• scudderi Uhler.— Maryland, Illinois, 

borealis Sendder. — M innesota. 

^eptcntrionalis Sauss. — Labrador. 

pacifiens Scmld. — Western United States, California. 

occidentalis Bruner. — Nebraska. 

alhus G. M. Dodge. — Neb|aska, Minnesota. 

junius G. M. Dodge. — Nebraska. 

autumnalis G. M. Dodge. — Nebraska, Dakota. 

pictus Thomas. — Nebraska, Kansas, Colorado, &c. 

Bradyonotes opimus Scudd. — California. 

obesus Thomas. — ^Montana. 

Hesperotettixviridis Sendd. — Utah, Colorado, Nebraska, Minnesota, 
Kansas, &c. 

Caloptemis extremus Walker. — British America. 

arcticus Walker.— British America. 

ft 

« borealis Fieb. — British America. 
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Galoptenus hilituratus Walker. — Pacific Coast, Montana. 
punotulatuiS Uhler. — Maine, Massachusetts. 
minor Sciulil. — Mississippi Valley. 
gracilipes Scud(l.-7-(0 
deletor Scudd. — Texas. 
robnstus Sciidd. — Texas. 
turnbullii Thomas. — Pacific coast. 

Jioridamis Thomas. — ^Florida. 
angmtlpenniH G. M. Dodge. — Nebraska, 
plumbum G. M. Dodge. — Nebraska. 
differeniialiH Tlioinas. — Nebraska, Iowa, Illinois, Mis- 
souri, &c. 

• grisGus Tlioiims. — Ohio, Nebraska. 

scriptuH Walker. — Pacific coast. 

occidentalis Thomas. — Montana, Colorado, &o. 

yarrowii Thomas. — Arizona or Nevada. 

regalls G. M. Dodge. — Nebraska, Colorado, Wyoming. 

hclltio Scudd. — Texjis. 

ponderomifi Seiuld. — Texas. 

jlavoUneatm Thomas. — Florida. , 

ktvlerl Thomas. — Florida. 
volucris G. M. Dodge. — Nebraska. 

, clypcaius 8(aidd . — G eorgia. 

{Melanopluii) Jhnur-ruhrnm Deg. — United States, British America. 
collinus Seiidd. — Vermont. 

femoratus Sciuld. — Washington Tcrritoiy, Maine, 
South Carolina, British Colninbia, &e. 

(itianis Bilcy. — Northern United States and British 
America. 

rcct HH Sciidd. — M a i ne. 

luriditii G. ]M. Dodge. — Nebraska, Dakota, &c. • 
collaris 8(ai(ld. — California. 
devastator JScaidd. — Montana. 

cinercus Scudd. — California, Nevada, Washington Ter- 
ritory, &c. 

spreluH Uhle% — Westein United States and British 
America. 

packardii Scudd. — Washington Territory, Colorado, 
Utah, Nebraska, Texas. 

kennicottn Scudd. — British America and Alaska. 
bivittatiis Scudd. — Eastern and Central United States, 
British America. 

tenebrosus Scudd. — North Carolina. 
arizoncB Scudd. — Arizona. 

infantilis Scudd. — Colorado, Wyoming, British Amer- 
ica, &c. 
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240. {Melanoj^lus) variolosus Scudd. — Kansas, Colorado. 

250. flahelUfer Scudd. — ^Colorado. 

251. fcedus Scudd.— Colorado. 

252. curtus Scudd. — Colorado. 

253. interior Scudd. — Arizona, Utah, &c. 

254. bou'ditchii Scudd. — Colorado. 

255. Jlavidus Scudd. — Colorado, Nebraska. 

250. niffrescem Scudd. — Georgia. 

257. Paroxya atlantica S(*iidd. — Atlantic coai^, &c. 

258. recta Sciuhl. — O eorgia, Florida. 

2.‘)0. Tettiv ornatm TI arris. — Tlritisli America, New Mexico. 

200. arenosm Biirm. — South Carolina, l^lorida. 

201. cnauUatus Bunn. — Massachusetts, Missouri, &c. 

202. femoratits Scudd.-*-Maryland. 

203. triavffularis Scudd. — Massachusetts, Maine, New Hamp- 

shire, &c.. 

204. rugosm Scudd.— Florida. 

205. oxyccphalus Bunn. — South Carolina. 

200. harrisii Packard. — Maine. 

207. granulatns Scudd. — Eastern North Ainerica. 

208. Tettigidea Interalia Scudd. — Florida, Eastern United States. 

201). polymorylia Scaidd. — Eastern United States. 

270. obem Scudd. — Georgia. • 

271. i)rorm Scudd. — Georgia. 

272. BatmcMdea eristata Scudd. — Florida, Massachusetts. 

273. earinata Scudd. — M assachusetts. 

This list 1 do not consider perfect in any respect, nor do I cl.nim any 
men's for it; on the contrary it possesses many taults, both in the order 
in which the miincs occur and in the names themselves. However this 
may be, it will answer the ])urposo for which it is designed, viz., to 
show the gr(‘at numbers of this family of insects that inhabit our coun- 
try. But few of these species are known to the general class even of 
entomologists, and fewer to those who take no interest in the insect 
life about them. By a careful study of these insects throughout the 
various portions of the unexplored regions of the West and Northwest, 
I am quite confident that many others will be added to this already large 
list. The habits and natural history, too, of most of these locusts, are 
but comparatively little understood, and there yet remains much to be 
learned. 

THE WF^STERN CRICKET.'^ 

(Anab7'U8 simplex,) 

In various portions of the far West are to be found different species 
•of large, wingless and dark-colored insects which distantly resemble 

^Ctlbpare also iho acroimt of this cricket in the Second Eepoit of the U. S. Entomological CoinuiiB* 
eion, chapter VIII, p. 163. 
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true crickets. Those insects belong to that large and variable group or 
family of Orthoptera the Locustidccy or katydids and allies, but are 
known as Western Crickets. Of the genus Anabrus there are at least a 
half of a dozen species. One of i^hern, however, has gained for itself a 
name that cannot soon be forgotten by the early settlers of Utah and 
adjoining territories. At times this insect l^ecaine so iiuinerous that in 
its marches great depredation was done to crops, and the early settlers 
were entirely despoiled of their agricultural products. Wheat, oats, 
and barley, as well as mbst gardeu products, were attacked with the 
utmost avidity, and when once in a field or garden this insect would 
not leave without having first eaten everything — the weeds even being 
included among the rest, and in many cases devoured close to the 
ground. 

This insect is known popularly as the Cricket, the Western Cricket, 
Buffalo Cricket, &c., and scientifically Anabrus simplex. Its distribu- 
tion appears to be coincident with that of G. spretus west of the main 
divide of the Eocky Mountains, but it is confined to the more elevated 
sage wastes and mountain valleys, as well as the open sloi)es high up 
the mountain sides. In fact, as a rule, it keeps up among the mount- 
ains, and only occasionally comes down into the valleys on marauding 
expeditious. ^ 

The cricket, like the locust, was not known until emigrants and gold- 
seekers began to cross the continent, and then only was it heard of as 
having been seen in the vicinity of Great Salt Lake and along the old 
Military Hoad. Sim^e the locust question came up, however, its known 
range has greatly increased, and now we are aware of its existence as far 
north and west as Pend d^Ureille Lake and the eastern half of Washing- 
ton Territory. Oregon too, occasionally, is reported as having its share 
of vast herds of crickets, while Nevada is occasionally visited by them. 
In Utah they occasionally appear as far south as Mount Nebo. They 
travel in droves or herds, which come marching along over the country 
like an army intent upon razing to the ground everything that lies in 
its lino of march. These armies vary greatly in size and in their tac- 
tics while on the move. As a rule they collect into lines varying from 
a few to hundreds of yards in width, and from a few hundred feet to a 
mile or more in length. W^heii they are ready to move, a few of them 
start off in the direction in which they intend to go, and are followed 
by others, and these again by still others — all taking the same route, 
and thereby exhibiting the leading character in the moving or migrat- 
ing of wingless insects. Ants and termites also possess this peculiar 
habit, as do several species of crustaceans that at times are in the habit 
of changing their abodes or of traveling in search of food. 

The natural history and habits of this cricket are but little known as 
yet, since their usual haunts and breeding grounds lie far up in the 
mountains and out among the sage wastes of the foot hills. Here it is 
that they generally pass their lives and proi)agate their kind year after 



HABITS OP THE WESTERN CRICKET. 


63 


year, devouring the wild grasses and herbs. At times, through some 
unnatural increase or the scarcity of food in these localities, or, perhaps, 
from the perfecting of some latent desire to roam, they make the ap. 
pearance for a short time, and then<*are olf again for the uplands, to 
remain a mystery for another indefinite number of years. I was really 
surprised at the ignorance displayed by many of the inhabitants of the 
Western Territories, many of whom were of the oi)inion that they are of 
the nature of the cicadas and other i)eriodical species. As wide as the 
distribution of this insect is, the locality, liowcver, where they are the 
most numerous is the lava region along the valley of the Snake River. 
Hero it is that we hear of them in greater or less numbers every year. 

This year I heard 'of crickets throughout Idaho, Montana, and east- 
ern Washington Territory, and was fortuiiate enough to meet a gentle- 
man (Mr. A. Bowen, of Colfax, W. T.) who was able to give me some 
information in reference to their breeding habits in the eastern portion 
of Washington Territory. The following is the natural history of these 
insects, as given by him: 

Crickets arc frequently seen in largo nuinbers at different localities throughout 
eastern Washington Territory, and at times have done considerable damage to 
crops, vegetables, and grasses. That they should occasion great alarm when ap- 
pearing in such vast droves is quite natural; hut, in reality, they are not so danger- 
ous as might ho siqiposed, since they are very easily chocked in their march by 
ditches, and can he readily destroyed. If a ditch two feet wide and two and a half 
deep be dug across their line of march they will fall into it and cannot get out. By 
putting in larger pits at intervals they are doubly corralled,'^ and soon begin de- 
stroying one another, as they are great cannibals. Rolling the ground, too, is of con- 
siderable aid toward diiiiinisbing their numbers. 

When ouce started in a certain direction it is seldom that they turn aside for or- 
dinary obstacles, but keep straight ahead until they “fetch up” in some creek, 
ditch, or pit, and .are lost by drowning or by being devoured by their stronger neigh- 
bors and kinsfolk. 

Ill speaking of this iuscct Mr. Bowen said that “ the young were so 
small when first hatched that they could hardly be seen,’^ but in a few 
days they molt and become perceptibly larger. This “ shedding ” is 
repeated several times, until they have finally attained full size, after 
which they become quite dark colored. When ready to molt they 
climb up a blade of grass, weed, or some other object, to which they 
cling while going through the process; after which the skin of tlie 
cricket first cracks open on the back like a cicada, and the new insect 
comes out “ fresh and green,’^ but soft. Sometimes the shell is eaten, 
but generally is left clinging where it was shed. 

In early spring when they aye just hatched the little fellows are found 
in clusters of twenty to forty — probably the offspring of a single female, 
or more likely of a single batch of eggs. These young as they increase 
in size spread from time to time until they form circular droves with a 
diameter of twenty or more feet, and finally the various broods become 
BO jjptermiiigled that they are no longer discernible. 

It has often been a query^ with the settlers of various portions of the 
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cricket area” of the West, whence do the great numbers of this in- 
sect come after a series of years in which comparatively few or none have 
been noticed, and some even assort that they only mature after a period 
of seven years or at other dehipte intervals. Mr. Bowen’s idea, how- 
ever, is that they are annual in their generation, and are noticed only 
after a winter favorable to the preservation of their eggs, which are 
mostly destroyed in other years. He thinks that small droves are an- 
nu.ally bred at isolated localities, and spread over a largo area to de- 
posit their eggs. In these views I coincide, although I must confess 
that I have had no personal exxieriencc with this insect. 

A year when crickets were bad in Pleasant Valley, eastern Wasliiiig- 
ton Territory, as well as in many other localities in this Territory, was 
that of 1873. At that time, however, but little farming was carried on 
in this district, and hence the damage occasioned by them was light. 
Again, in 1877, some were seen in the neighborhood of Colfax, but these 
did not appear to come in contact with many lields of grain or gardens 
in their marches. Since, and x>rior to this, small droves have been re- 
ported as having been seen in various imrtions of this and adjoining 
portions of Oregon and Idaho. 

I could supplement this list with many more accounts of the appear- 
ance of this insect, but they are all of a similar character, and hence of 
no particular interest here. 

But few parasites are known to affect this cricket. Further investi- 
gations may greatly enlarge the list, however. In the summer of 1878 
large numbers of this insect were seen along the Portneuf Stiver. A 
few of the|l wore attacked by red mites much like those infesting the 
migratory and* other locusts. These were clinging to tliem at various 
points, but chiefly about the thorax and rudimentary wings. I do not 
know, but suppose they are the young of some egg-eating mite. — per- 
haps one that attacks the eggs of this and other crickets. I have also 
been told that various ground-beetles and sand-wasps destxoy some of 
their young. Hair-worms {Gordius), too, are frequently found wound 
about their intestines. Besides these insect enemies there are numerous 
species of birds that devour great numbers of them. Fishes, too, cap- 
ture large numbers as they cross streams. • 

This is all that 1 will mention at present in connection with this in- 
sect, but hope some time in the future to be able to give its fidl history. 

Respectfully yours. 


LAWRENCE BRUNER. 


Prof. C. V. Riley, 

United States Entomologist, 

Washington, D. 0 . 



CHAPTER V, 


DATA OBTAINED FllOM SOLAR PHYSIOS AND EARTH- 
QUAKE COMMOTIONS APPLIED TO ELUCIDATE LOCUST 

MULTIPLICATION ANJ) MIGRATION.® 

This uoblc lantern of tlie world, the all- vivifying-, pulsating heart of 
the universe, in the opinion of Baron von Huniboldt, was the primary 
source of light and of radiating heat, and the generator of numerous 
terrestrial electro-magnetic processes, as indeed of the greater part of 
the organic activity upon our planet. It is the sun-power that gives 
rise to alterations on the surface of the earth, and that conjoins with 
lunar attraction in producing the mounting of the spring-tide. It is the 
solar rays that move the atmospheric and oceanic currents ; that evoke 
the colored coruscations of the iiolar light; thunder and lightning, hur- 
ricanes and waterspouts, speak of their action; and it is no less the 
solar rays that evoke the all-silent forces of chemical attraction and 
that variously determine organic life in the endosmose of cell-walls and 
in the tissu# of muscular and nervous libers (Cosmos, Trans, by Otte 
and Paul, p. 359). This portion of solar physics is now so generally un- 
derstood that it becomes uniiecessary to adduce the opinions of other 
learned authors, or to refer to an endless and inundaiie bibliography ; 
although it may not be out of place to remark, tliat the conception of 
the sun being a groat electro-magnetic globe would seem to possess no 
small eJaim to be considered the predominant one ; and many doubtless 
are of opinion that the stellar forces of rotation, revolution, oscillation 
(nutation and oblupiity of the ecliptic), gravitation, and chemical aflinity, 
should be considered as phenomena induced by its action. (I notice an 
obsei-N'ation on this subject^n the Journal of Science for IMarch, 1882, 

p.122.) 

Jh*. this inference as it may, certain is it tliat the scientific mind since 
the days of Humboldt has become gradually reawakened to the circum- 
stance that a large class of terrestrial phenomena on which mankind 
de[)ends for the future development of its resources are not only ruled 
by the eartlfs diurnal revolution tand annual circuit round the sun, but 
are likewise immediately controlled by a recurring variation in the 
lioteiit energy of the central luminary of our system itself. Terrestrial 

^ProiKircd ami cuininuDicatcd to tlio Coinniissiuu by Mr. A. H. Swiuttm, of iliiifiolil Homo, Oiiild* 
rawl, Surrey, Kn^laud, who lias given much uttfiiUon to insect periodirity and to whom w<! licroby ten 
dcr our uokuowludgemeuts without eudoisiug all the author's view^. 

O E 0 ( w 
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magnetism, electrical activity, periodical vacations in temperature, 
periodicity of wind disturbance, and annual rainfall Lave especially 
occupied attention in this iesi)ect; and their cycles following respon- 
sively on the changes in the bright photosphere surrounding the sun, 
have been observed, registered, and drawn up in tables. From these 
indices we may now glean that as this bright atmosphere of light every 
eleven years or so becomes ragged with spots and then replenishes its 
shining,^ so do cold and warm seasons, cyclones and rainfall, <listurb- 
ances along the electric wire, compass oscillations, auroral display's, 
and other sun symptoms in our sky and soil, follow each other in due 
sequence. Medical science, too, has not been oblivious of these sun 
periods, and not a few attempts have been made to correlate them with 
seasons of famine, ])lague, cholera, and other epidemic visitations. (A 
pestilential cycle, according to Dr. John Parkin, extended from IGOO 
until about 1700, and another began with the nineteenth centur 3 \ 
Journal of Science, August, 1881.) 

In the cloud-driven and inconstant climate of northern Euro])e the 
procession of the seasons daily chronicled in the horizontal swing and 
vertical dip of the comi)ass needle, would appear from all accounts to 
be both complex and difficult to unravel 5 and the same remark, 1 think, 
•applies to the tracts of northern America. Indeed, it would appear 
hitherto as though the electrical storms and increasing frequency in the 
disjday of auroral lights, the wind commotions, and perha])S rainfall 
coining on about the maximum period of sun spots, and the heat waves 
characterizing the minimum perio<l are to be cousidered%is the most 
obvious and best established features in our solar drama. Electri(jal 
storms were felt along the English telegraphic wires in the years 1848 
and 1859, and again, last August (1881), we hear of the compass needle 
being aflected (English Mechanic, of Friday, December 9, 1881). During 

* Sir John F. ir. JlerticheVs description of the sun spots. 

When viewed with j)owerful tolrscoiies, provided with colored {;la«8CB to take off the licat, w'liich 
would otherwise iujiiru the eyesight., the sun is observed to have frequently larj;c and perfectly black 
spots upon it, surrounded with a kind of border, less completely dark. Those spots are, however, not 
perin:uiunt. When watched from day to day, or oven from hour to hour, they appear to oiilarf;e or con- 
tract, to chao^o their forms, and at lcii{;th lo disappear altogether, or to break out anew in parts of tho 
surface whero none were before, lu such cases the central dark spot always contracts into a point, 
and vanishes before tlie border. Ch'casionally they break u^or divide into two more, and in those 
offer every evidence of that eatrciiio mobility which belongs only to the fluid state, and of that exces- 
sively violent agitation which seems only compatible with the atmospheric or gaseous state of mat- 
ter. Their size has boon conipiit^^cl at from 405 to 45,000 miles linear diameter, and some are said to 
roach a greater extent. Thai p.'trt of tho sun's disk not occupied by spots is far from uniformly 
bright. Its ground is finely mottled with an appearance of minute, dark spots or pores, which, when 
attentively watched, are found to be in a constant state of change. Thorn is nothing which repro- 
sents so faithfully this appeai*aiice as tho slow subsidence of somo tlocciilcnt chemical precipitates in 
a transparent Iluid, when viewed perpendicularly fi-om above. Lastly, in the neighborhood of gieat 
spots, or extensive groups of them, large spaces of the surface are often observed to bo covered with 
strongly marked curved or branching streaks more luminous than the rest, and among these, if not 
already existing, spots frequently break out. Only ono notion among tho many that have been 
broached has gained acceptance in regard to the spots, namely, that they are the dark, solid body of 
the sun itself, laid bare to our view by those, iinnieiisefiiietuatioiis in tho liiiniiioiis rrgions of its atmo- 
sphcic to which it appears to bo subject. The region of the spots is confined within about 30° of\h6 
sun’s equator, and from their motion on tho surface, carefully measured with micrometers, is ascer- 
t:iiued the position of the equator and period of the sun’s rotation, &c. — (A Treatise on Astronomy, by 
S;r John F. W. Ilersi hel, pp. 207-211.) 
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the year 1870, another ^])oeli of inaximnin sun-spots, no such disinrl)- 
ances, it prevalent on the continent, intruded theinselv(vs into notice in 
this country; but on the nights of the 24th and 2oth of October a very 
line display of crimson Hashes broke over the roofs and s]>ires of Lon- 
don, sliowing that the earth condenser, accordin<^ to ]\I. Dc‘ la. Hive’s 
theory, then shot its discharge currents into the higher atmosphere. 
Other auroras uere observed on the 5th of April, 1870, and on the loth 
of April and loth of May, the former being noticed in America. 

(There is a good cliart showing the agreement of the Magnetic Diurnal 
Hange and Sun-8pot Curves between the years 1841 and 1877, by Mr. 
Ellis, in the rhilosoi)hical Transactions for 1880.) 

Turning from electricity to meteorology, a subject more immediately 
affecting the present inquiry, we find that Prof. Piazzi Smyth, the As- 
tronomer Hoyal for Scotland, as the result of observations made from 
1887 to 1800, with thermometers sunk in the rock at the Hoyal Observ- 
atory, Edinburgh, came to the conclusion that a great heat wave*, occurs 
every eleven years and a fraction, its maximum slightly lagging behind 
the minimum of the sun-spot eyede. Previously Professor Hal four Stew- 
art Jiad found that the winter temperature-range at Kew apparently de- 
pends on the siiii-spot period, being greatest at times of maximum snn- 
s])ots, and least at times of minimum sun-spots. At the epoch of maxi- 
mum sun-s])ots wind disturbances are most frequent, as is shown in a 
wreck chart by IMessrs. Jeula and Hunter, and coni)ling this observa- 
tion with the prcivious, I tliiiik it may be fairly argued that we al)out 
this time (and at the minimum epoch*?) have our open winters. Accord- 
ing to the observations of Schwabe and some recent mean temperature 
statistics from the Times newspaper I liave by me, this is a wet as well 
as a windy conjuncture, and according to IIcit Cxiistav Wex it is the 
time when there is most water in the European rivers. (The river inun- 
dations, due often to local causes, do not, nevertheless, follow this law; 
take for exami)le those of the Garonne that liave occurred \n 1425, 1537, 
1509, 1727, 1772, 1700, 1827, 1835, and 1875.) Still, with all this instru- 
mental work indicated or accomplished, there remain over and above, in 
the experience i)ast and ])resent, many strongly marked features in tlie 
climate of Euroiie that might repay the trouble of c‘rudite tabulation on 
the one hand and of scientific investigation on the other. Tims while 
some winters liave been intensely cold (those of 401, 554, 800, 821, 1116, 
1213, 1234, 1432, 1433, 1434, 1579, 168*3, 1708, 1716, 1730, 1753, 1762, 
1766, 1776, 1784, 1795-’6, 1707, 1813, as would seem), others have been 
as inordinately warm (those of 1183, 1288, 1572, 1621, 1058, 1685, 1703, 
1760, 1858, 1865, 1808, 1870, 188b, might be examined in this respect), 
and late and early winters and springs are quite as much a matter of 
comment as warm (the summers of 763, 1333, 1550, 1651-’56, 1766, 1783, 
J788, 1811, are alleged to have been hot) and cohl summers. 

Within and towards the truincs, as has ever been the oiunion, the solar 
phaiitasmalography presents its phases with greater regularity before 
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the eye of the observer, and in corroboration of this testimony Dr. W. 
Kbi)i)cn, Avlio hiis drawn up a table of the earth’s temperature in connec- 
tion with the sun-spots between the years 1770 and 1870 (Zeitschrift der 
dsterreichischeii Gesellschaft fiir Meteorologie, August und September, 
1873), informs us that within tlie tropics the maximum warmth occurs a 
full yeai* before the year of minimum sun-sj)ots, wliile in tlie zones be- 
yond it falls two years after the minimum, and that the regularity and 
magnitude of the uiidulations of the temperature curve is most strongly 
marked within the tropics and decreases toward the poles. During this 
heat which accompanies the minimum epochs, droughts may be looked, 
for, and likewise famines, according to Mr. W. W. Hunter’s tabulation. 

Last, not least, in addition to these sun features now detailed, seismic 
phenomena, such as earthquakes, volcanic emanations and hot springs, 
and entomological ])henomena, such as insect multiplication and migra- 
tion, are proclaimed by the voice of all antiquity to result from exces- 
sive heats and dry seasons, and to be the fell accompaniments of famines 
and j)estilence. Even now in the picturesque language of the Arabs wo 
find sucli phraseology as the year of the drought, the year of the earth- 
quake, the year of the locust, and the year of the whirlwind, showing 
that an interest is still felt in the dark numbers of astronomy, and re- 
vealing the sources of a science we northern nations are far too apt to 
cavil at. But of this anon. On the other hand, about the maximum 
sun spot years the cyclones in the Indian Ocean and the hurricanes in 
the West Indies, as has been shown by Messrs. Mehlrurn and Poey, in- 
crease in number, and at the same time the annual rainfall is greatest 
in the East Indies and at the Cape of Good Hope. (Messrs. Norman 
Lockyer ami Hunter in the Nineteenth Century for November, 1877 (p. 
583), furnish a digest of the more recent application of Solar Physics to 
Terrestrial Phenomena, entitled “ Sun-spots and Famines ”.) Indeed the 
increase in wind-disturbances and rainfall would seem to be the leading 
feature of the maximum period of sun-spots all over the globe, a conse- 
(juence which some tacitly assign to the greater energy of the sun at 
this j)eriod. Should, however, this conception seem discordant with a 
notion of the heat waves at the minimum period and the existence of 
pminaiient defects in the luminous photosphere of the sun at the max- 
imum, the wind and rain would quite as agreeably with the known laws 
of nature be referred to the irregular action and impotent state of the 
sun at this conjuncture, producing secular refrigeration, and increasing 
in this manner the aerial currents and precipitatiou of aqueous vapor. 
Certain is it that Sir William Herschel’s comparison between the prices 
of corn ami complaints of poor crops in Europe, as founded on the lirst 
hypothesis,. could not be borne out by the past wretched years. (Phil. 
Trans. 1801, pt. ii, i)p. 310-310). 

Having thus in a general way introduced my subject in its variousi- 
bearings, 1 will now proceed to show liow solar i)hysics influence insect 
multiplication and migration in general, and locust multiplication and 
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ini^^ration in particular. But since it will bo necessary, before entering 
on a disquisition upon tlieses terrestrial plienomena, to liave an extended 
notion of the solar pbases that 1 bo|>e then to show regulate their i)erio- 
di<;ily, 1 will proceed to construct a ncwsun-s])ottableoxhibiting the solar 
inaximaand inininniofniaenhe between the years 1880 a mil 500. I awoke 
toa realization of this undertaking in thespring of the year, when stroll- 
ing alone over the wintcu'-scorclied grass tlnit covers Die old earth- 
quake waves on tlie Surrey Downs, but I have found since that the 
possibility of such an enltn prise would be conceived by the |»crusal of a 
pain|»hlet by Prof. Carl Puchs, entitled Die vnlkanischen Fasclieinung- 
eu der Erde, published in 1805, and also that a few unknown epochs 
had already been taken out by the nietliod whicli then reconiinended 
itself to me from its accuracy by M. Poi^y (Cmnptc's Pendus, t. LX XVII, 
pp. 51-50). T1 m‘ following are Dr. Fuchs’s remarks: Xliige niacht in 
seiner Zusammenstellung der Firuptionen inehrfach auf das Zusammen- 
tielfeii vulkanisclua* Ausbriiche init kosinischen i^rozessen aufmt*rk- 
sam. Es ergibt sich niiinlich aiis der Zusammenstellung der IMinimal- 
iind Alaximaljahre der Sonnentleckcn und der vulkanischen Ernptionen, 
dass sonnentleckenarme Jahre, die sic.h znglcich durch geringere 
Grosse der magnetischer Variationen auszeichen, zu den (uuptionsi*ei- 
chen Jahren gchoren und umgekehrt. Das Jahr 1822 wnrde an einer 
friiheren 8telh‘. aks ein solches genannt, welches sich durch die Mengo 
von Ern])tionen auszeichnet, die wiihrend desselben stattfanden; das- 
selbe Jahr zeichiuit sich aber auch als IMinimalJahr von Soniienticcken 
aus und in gleicher Weise die Jahre 1793, 1813, 1855. Im Jahre 1700 
b(‘trng nach K. AVolf die Belativzahl der SonnenOcckcm 85.7 und kein 
cinziger vulkanischer Ausbruch ist in dieseni Jahre bekannt. Iin 
Jahre 1799 betrng die Eelativzahl der Sonnentlecken 99.2, iin Jahre 
1788 aber 90.0, und im ersteren Jahre fanden 4, im letztmen 5 Erii])- 
tionen statt. Dagegen wild die Eelativzahl der Sonnenlleckim iin 
Jahre 1750 zu 8.8 angegeben und die von 1798 zu 2.8, wiihrend indein 
zuerst genannteii Jahre 12 und in dem andern 10 Erujitionen statt- 
fanden. Im Jahre 1843 war die Eelativzahl der Sonnenlle(;ken 8.0, 
die Zahl der Erui)tionen betrng 32.” (Die Vulkanischen Erscheinnng- 
en dCr Erde, von Dr. C. W. C. Fuchs, Docent an der Universitiit in Hei- 
delberg. Leipzig und Ileidelberg, 1805.) 

The following is a resume of M. E. Kluge’s views: “M. E. Wolf 
(Bern. Natnrf. Gescllschaft, 1852) avait ihionce, d’a])res une clironiquc 
Zurichoiso i)onr les annees de 1000 a 1800, quo les aurores borcales et 
les tremblements de terre s’accupiulent snr les annees de laches. M. 
E. Kluge soutient, an (Muitraire, que dans les annees abondant(‘s en 
laches solaires ct on les variations niagnetiques sent plus remanpnibles, 
les druptioiis volcaniques et les tremblements de terre sont anssi i)lns 
rare.” (Ueber Synchronismus und Antagonismus von vnlkanischen 
Eruptjpuen, und die Beziehnngeu dcrselben zu den Sonnenlleckcn und 
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erdumgiietisclieu Viu iutionen, von E. Kluge. Leipzig, 18G3. 102 pp., 
1 pi., 8vo.) 

Wbetlier iiiiy one has previously taken up the question in its entirety 
I cannot say. (Tlie lunar disturbance of gravity that excited attention at 
a recent meeting of the British Association does not influence thepriwa 
faciecAisoi. 11. E. IT. Darwin, Bep., 1881). Oouncillor Schwabe, of Des- 
sau, was, ac<iording to lliiinboldt, the lirst to tabulate numerically the 
solar spots, and his tables, published originally in Seiuimacher^s Astro- 
iioiiiisehe Nachriehten, No. 405 (Bd. XXI, 1844), p. 235, and afterwards 
more fully given in the fourth volume of ('osinos, show the iluctiiations 
of the solar photosphere between the years 182(5 and 1850, from actual 
eye observation. Scliwabe’s table has been sub (‘quently enlarged by 
other workers, Trofessor Wolf carrying it back to 1750 and forward to 
1800 and 1875, and pointing the maximum of spots of 1828 in Schwabo’s 
table as 1820. The axiom I have employed in carrying the sun sjmt 
cycles farther into the past, will be seen then to be justified by a refer- 
ence to M. Boey’s table of earthquakes and volcanic eruptions in the 
Brazils, in the Com])tes Bendus, already alluded to; it assumes that the 
great periods of earthquaki'-commotion and volcanic activity harmon- 
izes with the maxima and also with the minima periods of solar spots; 
and on this assumption have consulted various seismic tables and 
checked off the periods of disturbance by the records Avhich in their 
copiousness or defect fully indicate the required discontinuity recurring 
at stated intervals. But when these periods were found it further be- 
came very evident to me that it was necessary to adopt some method 
of numerical luecision in order to eliminate the years of the sun-spot 
cycles. To this intent, therefore, I first drew up the mean periods of 
greatest commotion in Europe, Asia, and America, and placed the max- 
ima and minima of sun spots given in WoIPs table into the breaks, 
where thej'^ fell in order, 1 think I may say, at first sight. I then took 
out the latter extreme year and the mean year for the minima years, 
and the former extreme year and the mean year for the maxima years. 
One or other of the numbers, which themselves rarely differed by more 
than a year, should give me as I fouml the epochs of fewest or most 
spots required. 

To explain more fully, let us examine the list of earthquakes and 
vol(;anic eruptions for any breaks in the violence and extent of the dis- 
turbances and mark the periods obtained in this manner, thus (1839- 
1838). We will then arrange these periods of activity taken out from 
many tables, thus: 
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Table l.—Mean seismic (earthquake and volcanic) periods and sun-spot cycles, auror as , pro- 
gressive E. and IF. deriation in the magnetic needle, and locust periods in Europe. 


I'oinarka. 


Fow auroras . 


Many auroras. 


Few auroras. 


Many auroras . 


( -1878) 

(I875-187L>) 
(1871-1870) 
(1808- 1868) 
(1862- I 888) 
(1858-1881) 
(1881-1846) 
(1844-1841) 
(1 830-1 8:iC) 
(I8:i;]-i8:ii) 
(1830-1828) 
(1828-1820) 
(1821-1816) 
(1812-1800) 

(1806-1801) 
(1708-1708) 
(1792-1788) 
(1788-1783) 
(1781-1779) 
(1776-1775) 
(1773-1770) 
(1768-1778) 
(1762-1789) 
(178;>-1784) 
(1782-1789) 
(1746-1742) 
(1739-1738) 
(1730-1729) 
(1726-1724) 
(1721-1717) 
(1718-1713) 
(1708-1706) 
(17('3-1702) 
(I699-J6!>6) 
(I693-I69I) 
(1689-1688) 
(1683-1681) 
(1679-1677) 
(1673-1671) 
(1668-1664) 
(1662-1681) 
(1684-1683) 
(1680-1647) 
(1646-1643) 
(1611-1639) 
(1636-1633) 
(1628- I 6J6) 
(1626-1624) 
(162«)-ir.I7) 
(1613-1612) 
(1610-1606) 
(1603-1600) 
(189 -'-1896) 
(1893-18Hi) 
(1584-1881) 

(1878-1576) 

(1874-1871) 

(1866-1863) 

(1861-1888) 

(1886-1853) 

(1851-1848) 

(1546-1842) 

(1542-1536) 

(1834-1528) 

(1522-1519) 

(1516-1513) 

(1510-1509) 

(1507-1503) 

(1501-1495) 


Locusts. 

Locusts. 


I Locu.sts. 
837 

833 ) 

829 C Lociist.s. 

IJrii 5 


I Locusts. 
Locusts. 


1.877 

1570 Locusts f 
1564 
1.8.88 

15.85 Locusts.* 
1.849 

1.844 Locusts. 
1537 

1531 Locusts. 
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^^( 1839 - 1838 ) 
i'’(l 838-1 834) 
*2(1839-1837) 
*’(1839-1835) 
*‘’(1839-1835) 


(1831) 

(1835-1832) 

(1833-1831) 

(183:5-1831) 


(1830-1829) 

(18.30-1828) 

(1829-1827) 

(1830-1827) 


(1820-1823) 

(lS2(i-1817) 

(1825-1822) 

(1825-1822) 

(1825-1819) 


Igiet us now jnark the (‘pixOis of the sun-spot cycle w uiiuimuin or M 
uinxiinuin, us known from Wolf’s tables, to the breaks to wliic.li tliey 
appertain, and at the same time find the mean ])oriods of commotion, 
thus: (1839-1830) M* (1833-1831) (1830-1828) M’ (1825-1820) • 

where taking* extremes and means i8‘k>’ 


7 / 1 ^ = 


1825 

1822’ 


the actual years here indicated being given by Wolf as 1837, 


1833, 1829, 1823. Here the position of the years is evidently correctly 
found, the maximum in each case being the mean year of commotion 
and the minimum the latter extreme, but, as seen by the last fraction, an 
irregularity does sometimes occur. In calculating out the table, how- 
ever, the latter inconvenience is almost rii/, as it will be noticed that the 
known maxima and minima in Wolf’s table have certain corresponding 
intervals of years 0-4, 4-0, 0-7, &c.; and also a certain final digit as far 
as they go, the maxima ending in a 7, 9, 0, &:c., and the minima in 3, 3, 
3, 0, &c. 

Having thus correctly taken out the sun-spot numbers in cycles from 
the seismic breaks between the years 1881 and 1750, we may now pro- 
ceed with confidence to tread on the confines of the unknown, and com- 
plete the series of maximum and minimum years back to 1500. Beyond 
this point, the grand epoch Avhen Columbus oi)ened up for eastern civi- 
lization a new continent, and when printing was comirienced, the data 
in the seismic tables become involvtal and i>artial, and here, at the most, 
I have up to the ju’csent only been able to obtain a certain nund)er of 
probable ei)ochs of the solar phases. {Sullicient data, however, will be 
found to be present in my table on which to string the more certain 
records of locust multiplication and migration, as known to myself from 
the exhaustive paper by IMr. Thomas in a former issue of your valuable 
report, relating fully the Old World locust multiplication during the 
seventeenth and eighteenth centuries, and from ray own investigations 
regarding their increase during the nineteenth ; as also from tliose clear 
indications afforded in Mr. Packard’s concise list of the C. years 

in America. But before entering on this subject I ought to ineiitioii 
that* some of the breaks iu my table {ire substantiated by eye observa- 
tion. Thus Flamsteed tells us that the solar spots were absent between 
the years 1G7G and 1G84, and according to Dominique Cassini they were 

>®rroin EniptiDiis in Icelanil, by Tliombtaon {Trans. Gcol. Mag.). r 

*>Fioiii Mona. l*fcrruy’s Eiirtliqiiakcs iu GrtMJCe and Sj-ria. 

•*Eroiu Mona. Poiiy’s Eartinumkos in South America. 

i*Froiii Mr. Mallot's List of Eurthquakea and Volcanic Eruptions (Brit. Assoc.). 

■^Frotu works of Lyell and Uumbuldt. 



SOLAR PHYSICS AND LOCUST INCREASE. 


73 


again absent between 1080 and 10S8; other observers found them absent 
between lODo and 1700. The means of tliese periods arranged by the 
diflerenees of tlie s(n i(*s elieck the seismic numbers correctly, but as re- 
gards the iiniximnm in lOSl, it becomes evident that the observation of 
Flamsteed is imlelinitely given, as it makes a greater interval o(;cnr 
between the minimum and maximum of the cycle than betwe(m the 
maximum and minimum. In M. Foey’s table, bt'fore alluded to, the fol- 
lowing years are further given from the strength, nnmlHT, and extent 
of the earMiqnake shocks in the Brazils, namely : 17i27 M, 1712 lOO.I M, 
and loot M. These in my table stand as 1780 17M M, 1001 JM, and 

1085 m, the moditicatiou being due to the cnordi nation of other seismic 
data and the consccutiv^e marking of the solar phases, only then ren- 
dered i)ossiblo. Again, it will be noticed that the cycles of sun-spots in 
my table grow short about the beginning of the seventeenth century 
and lengthen out at the (iommencenient of the nineteenth. This circum- 
stance is owing, as I conclude, to the presence of a greater sun-s])ot cycle 
streteJiing from 1580 to 1814 and marked by the progressive east and 
west deviation of the compass needle. The years 1580 and 1814 on this 
greater cycle 1 wouhl consider to correspond with the maxima of the 
smaller cycles, and some intermediate ejmcl) about 1040 to corr(»si)oml 
with the minimum. This would also answer well to the ])eriods of prev- 
alence and scarcity of auroras in Europe. Thus between 1574, about, 
and 1085, many auroras were observed ; few were observed between 1085 
and 1700; and many were again observed between 1700 and 1842. We 
are now in hbirope back again in the period of fcAV auroras, and I con- 
clude at a minimum point in the greater sun-spot cycles, when, judging 
from the past, great extremes of summer and winter temperature may be 
anticipated. 

Having drawn up my table, now comes the second clause of the in- 
quiry, namely, how and in what measure the sun phases influence the 
world of insects on the surface of the old and new continents. Before 
s<»tting out on this subject, however, J think it may be inferred that 
where the terrestrial phenomena follow most dir(?ctly on the changel'nl 
glare of the solar photosphere, there shall we lind the various featuri^s. 
of insect biology marshaled in the strictest order. As before noticed, 
this phenomenon is to be looked for rather towards the equator than 
in the direction of the poles of the diurnal sphere, and here it is that 
insects should be found to multiply and migrate in most immediate de- 
pendence on the sun changes. Let us take that example which most con- 
cerns us, the Kocky Mountain locust {Caloptenns spretus). The Perma- 
nent Kegion, and native breeding-ground of this insect, as already ably 
shown by the entomologists on the Qoinmission, lies within the northern 
temperate zone, between 37° and 53° north latitude. Thougli some- 
^^lat removed from the tropics, the summer isotherms would adjudge it 
to bc,j;onsidered within tropical influence, and this even more so than 
Southern Europe, which must be virtually so considered. The niigra- 
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tioiis of the locust have been, broadly speaking, in a southerly direc- 
tion east and west of this region, and if reference be made to Mr. Pack- 
ard’s analytical table given in the report of the Commission for the year 
1877 (p. 113), and the year 1878-’79 (p. Ill), we shall find that these 
have waxed and waned, that one climax transpired between 1874 and 
1876, that another transpired between 1866 and 1867, that another trans- 
pired between 1855 and 1857, and there remains besides some indica- 
tions of an invasion about 1842. N^ow* by WolPs tables of sun-spots 
1876, 1867, 1855, and 1843, severally tangential numbers, are the years 
of fewest sun-spots as determined by observation. In this case there- 
fore the season of mnltiplication and migration has preponderated to 
the minimum period of solar spots j and conversely about 1848,1860, 
1870, and as I conclude also in 1881, the intermediate years of most 
sun-spots, the decrease and restriction of this locust are equally ap- 
parent. 

But to fully illustrate this subject, I will turn to the insect mnltipli- 
cation and migration of the Old World, where the data are more copious 
and the subject matter more familiar. Here we know as regards the 
multiplication and migration of various locusts in the cereal districts on 
the southern borders of Europe and Northern Asia, from long tradition 
since the earliest days, that those droughts which have been previously 
attributed to the minimum epochs of the sun-spot cycle are their season 
of increase. But, as I have already intimated (Journal of Science for 
August, 1881), it cannot be therefore assumed that all destructive insects 
on European areas have the same period of multiplication; for while 
the corn weevils {SitopliUuH granarius and oryzee) of our granaries, or 
certainly the more destructive sort which is imported from the marts 
of the south, have shown a tendency to increase about the minimum of 
spots, it would appear that the noxious Euroi)eau wheat flies (Diplosis)^ 
of which there are said to be two varieties, affect in Germany a decen- 
nial period recurring towards the maximum years. This phenomenon 
may be either attributable to the circumstance that insects arc vari- 
ously adapted to v-arious conditions of climate, and that there are cer- 
tain recurring times when certain families and certain individuals find 
themselves in the most congenial conditions for multiplication; or to 
the circumstance that there exist fixed epochs wlien a general north 
and west move is witnessed in the mass of the European insect fauna. 
These latter tinjes or epochs, north of about 45^ north latitude, alter- 
nate, as I shall proceed to show, with the extremes of solar energy, so 
that the great European migrations of insects take their rise in the 
years of minimum sun-spots, and continue until the expiration of the 
succeeding maximum. Let us exemplify this first, in passing, by Kop- 
pen’s record of the migration of locusts to Southern Eussia, given by 
Mr. Thomas.*® Here there is a qiigration extending from 1756 to 1757 
indicated, then a break until 1783, then another break until 179<3, and 

Report of the Entomological Commission on the Rocky Mountain Locust, for 1878-’70, p. 41. 
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soon; each in every case, if we except the interval 1828-1 830, where 
two cycles of migration seem to be run together, fairly indicating the 
interims between the years of solar energy as given from observation 
by Sclnvabe, Wolf, and others. 

^^ow, then, for the great resume of European locust migration. In 
the year 1527 locusts swept out of Turkey into Poland, and in 1530 
they came from the Black Sea to Hungary, traversing Lithuania and 
Poland to Se.hleswig. In 1541 the locusts again visit Poland, and a great 
army flies through (lermany into Italy, some passing forward over 
Silesia and Saxony, while others turn themselves toward Austria and 
Italy. The next year a swarm ])asses through Poland and Lithuania 
into Prussia and Silesia, spreading over a great ])art of Kurope, and 
two yt'urs after there were said to be so many grasshoppers about Mis- 
mia that they covered the ground about a cubit thick. 1544 I doubt- 
fully tak(‘ out as a minimum year of sun-s|)ots, from IMr. MalletAs seismic 
table. In the year 1553, after five years’ drought, great arrnic^s of lo- 
custs were noticted, no locality being precised, and in two years’ time we 
hear of them at Arles, and the next year in Mailand. 1555 or 1553 works 
out as a minimum year from Mr. Mallet’s table. In 1571 and 1572 locusts 
ravage, to such an extent in Italy that an edict is promulgated by the Vice 
Iliike of Alcala regarding their destruction. Though this mnUiplioation 
(?) evidently indicates a warm solar epoch, I, with some little hesitation, 
mark 1570 as a, i)roximate maximum (?) of solar spots, the seismic data 
which give the year being somewhat perplexing. In 1013 locusts are de- 
structive in Provence, and the year takes out very naturally as a mini- 
mum one from the seismic data. In 1018 and 1019 Si)ain is atllicted by 
a species of locust, but like all other records from Spain, this is yet as 
wanting to me i!i a rahotuVPAre as the celebrated chateau; 1018 it may 
be noticed, is a maxim um year of solar spots on my table. In 1045 and 
1010 there was a plague of locusts in the Ukraine, 1045 here being evi- 
dently a minimum epoch of solar spots, as indicated by the seismic data. 
In 1050 Lithunnia. and Poland are visited by locusts, an inv'asion 1 would 
'Correlate with a minimum of sun-spots in lOfvl, and in 1002 we find the 
province of Puglia Daunia visited by locusts, the minimum of solar 
spots being found in 1007, or in 1054, if part of the former invasion, lii 
1084 an immense flight appears in Iliuigary and Austria, and the next 
year a swarm is noticed at Avignon. This multiplic.ation forms a pre- 
lude to an invjision of Northern Europe in 1089, when the locusts, now 
abundant in the Ukraine, strike on the coasts of Lithuania and Poland, 
reaching to Volhynia, in Bussiji, during the succeeding year. In 1093 
they sweep in large bands through Hungary, Bohemia, and Austria, into 
Germany, reaching Austria on the 3d of August, Jena on the 18th, and 
Weimar on the 20th. This invasion continues to show up in Germany 
until 1690. The year 1088, according to my table, indicates the minimum 
periQ(l of spots to which this influx would be referable. 
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After this iimrke<l inroad, eoncerniii" Avlne.li Mr. Tlioinas lias given so 
full a bibliography, the locusts in 170S again sweep out of Wallacihia 
and pass through Poland into Russia, and two years after they spread 
alarm through the army of Oharh\s XII in Hessarabm, and in 1712 we 
hear of their passing tlirougb Galicia to Germany, and of their harass- 
ing Silesia. As would a])p<^ar, this invasion cont inued foi* three or four 
years and extended into Italy; but since the minimum ej)och of sun-spots 
traiispire<l in 1 70S, some of the destruction <*.ommilted in Italy about the 
year 1710 may hav(», been due to the local multiplicatioji of tlui Calopte- 
mis ilftlicHs, and should be ascribed to the next iieriod of solar energy 
culminating in 1720. As soon as 1727 the lit'lds of Italy are again at- 
tacked by locusts, and in 17.‘50 and I7.‘32 th(*y visit Germany and ])enc- 
trate as far as Ilerlin; 17.30 is here the proximate year of fewest sun- 
spots. The great hxaist jnroa<l of this century, starting from ^Turkey 
in 17*17, spread through WallacUia, Moldavia, Transylvania, and Ilnii- 
gary, and from thence in 1749 passed into Austria, Bavaria, and Ger- 
many, reaching Brandenburg in 1750. The Ukraine, Poland,«iind Silesia 
were also visited, and the swarm, attaining the shores of England, is 
stated to have been destructive in Xorfolk, Statford, Cheshire, and Derby- 
shire (?). The diflerences of the sun-spot series indicate a minimum y(‘ar 
of sun-spots about 1741 or 1747 to which this invasion should be referred. 
In 1750 and 1757 locusts again migrate to Russia, and two years after- 
wards they are observed in Italy and Germany, where tlu^y Jure, again 
noticed in 1703. The corresponding ininhnum year of sun-spots is in 
this case evidently 1755. In 1792 locusts visit Spain, and from 17iM) to 
1800 they migrate to Russia, appearing in Germany in 1803; 1798 is 
here the corresponding solar year. 

Some notices of locusts in Europe during the seventeenth and eight- 
een rh centuries seem to be apocry])hal. E. Th. Koppcii (Ent. Zeit. zu 
Stettin, 1871, S. 18.3-190) thinks some of the reymted invasions rder to 
troops of dragon flies.'® He adds tluit during the years 1023, 1059, and 
1095, as far as he was aware, there were no hxmstsin Germany. These 
migrations of dragon flies will be found tabulated in a brodiure entitled ' 
Waarncmingen over het Trekken van Insekten door A. A. van Bemmelen; 
taking their origin in the variable climate of Europe, we find that while 
they fairly culminate tow ards the minimum times of sun-spots, they may 
likewise indicate the Jiiaximum epoch, as I think an analysis w ill show. 

In the present century'" w’c find various reconls of locust increase 
along a line extending from Egypt to India, during the period included 
betw^een the years 1810 and 1814, and tlpit simultaneously tliis tribe of 
insects is destructive in l^hanco, and that a migratory species, the Pa- 

S. Caspar. Wrinrirli. T)aii/.iK<T Cliroiiik., Iieraiiflg. von UiiMrli iiinl Vosabor^:. lU'ilin, ISoii, 4°; 
1586, Ditin. Chron. ii, .'J03; 1623, I. li. Csirp/.iiv, Analcctis fnatoniin ZittanJoiiHiun), Tli. 2, p. 284, vj;!. 
llatlilof. Akiiilotlicolosio, Th. ii, 1750, pp. 60, 61; 1651), vgl. Kathlef. AkritloUicolo^ic, ib. ; 1695, ib. ii. 
p. 80. ' • 

'^Wm. Drniaon Koobiick's art idea on lociiata in Yorkaliirc contnined in tlu* Yorkshire Nnl«".-a]ist,, 
comp'.tri'd with notices in the publications of foreign entomological societies and with notices in 
travelers’ journals. 
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chytylus migratorius L., as would seem, visits England aiuEtbo shores of 
the Baltic. In the period included between 1820 and 1828 Ortlioptera 
again multiply, becoming destructive in the Crimea between the years 
1823 and 182G. lu 1825 Caloptenus italicm is noxious in Italy and in 
Southern France, and in the autumn of 1828 a reinarkable cloud of lo- 
custs, most probably the Pachytylus migratoriunj was noticied to pass 
from Odessa over to Galicia. During this period the last-mentioned 
species appears regularly in eastern and northern Germany. 

We next hear of Orthoptera increasing in Europe during the period 
included between the years 1832 and 1834, when locusts were noxious 
at Constantinople, in Sicily, and in the south of France ; but hitherto 
I have found no reliable notices of migrants being observed at this time 
in northern countries. They again showed up in the periotl between 
1842 and 1849 ; for in 1843 we hear of flights of locusts in nortliern 
India, and two years after of their becoming a plague in Algeria. In 
1844, migratoriuft multiplies in southern llussia, passing the same 
year in baiu^s to Switzerland and Belgium, stragglers reaching to North 
Germany and the shores of the Baltic, and even x)enetrating into Swe- 
den. Over this area they continue to appear until 1847, and in 184G 
numerous flocks of locusts are seen or recorded in the south and north 
of England, in Scotland, about Aberdeen, and in the Shetland Islands, 
a few examples being likewise taken on the east coast the succeeding 
year. In ^1818, P. migratorius continues to turn up in France and Bel- 
gium, and locusts are plentiful at Ilenie Bay; and the next year even 
we still And records of captures being made around Paris and in Bel- 
gium, and one example is taken at Thrisk, in Yorkshire. 

After this memorable period we hear nothing of locusts in Europe 
until 1857, from which year until 18G2 they continued to appear in the 
central and northern countries of Europe. In the year 1857 locusts 
were already noxious at Odessa and in China; and in 18G0 we have 
olUcial reports of the entry of P. migratorius into Bessarabia, Podolia, 
and Volkynia, on the southern boundaries of l^oland, coming, as would 
seem, from Galicia, which province of Austria it may have reached from 
Odessa, as in 1828. However, three years previous to this it has been 
taken near Paris, in Belgium, and in Holland; and at the same time it 
visited the north of England and Ireland. In England it is recorded 
until 1859, and near I'aris and in Belgium it is found until 18G2. We 
likewise hear of its occurring at Malta in 18GI. The next i)eriod is from 
18G4 until 18G9. In the first-mentioned year a fresh species of locust, 
Acri^ium peregrmum, multiplies in Algeria, and an erratic flock of the 
same comes in the autumn to the coast of Cornwall. On the 2d of No- 
vember of the year following, another flock of this same s])ecies boards 
a vessel on her voyage from Bordeaux to New Orleans 1,200 miles from 
Ig^id. In 18GG these locusts have increased to such an extent in Al- 
geria jjliat they there became a iflaguc, and at the same time thqy are 
noticed in Corfu. They again come to Cornwall in 1SG9, and the same 
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autiimu aiiotber species, as is though fc, invades the coast about Aber- 
deen, in Scotland. During this series of years locusts multiply in Per- 
sia and in the Punjab. The next period, occurring from 1874 until 1879, 
is marked by flights of Fachytylm cinerascens Fab., a species which, as 
has been ascertained, propagates in Europe, and that even as far north 
as Belgium, and which is not, therefore, truly an extraneous migrant. 
This locust is reported from Cheddar, in Somersetshire, in 1874, and the 
succeeding year we hear of its being destructive near the Lake of Con- 
stance, while a few more examples turn up in England, this time in 
Yorkshire. Calopteniis italicuH is simultaneously destructive in France 
and Spain, and during the year 1870 large masses of both locusts ap- 
pear at Eberwalde. The year succeeding, P. cinerascens again appears 
in greater numbers in Yorkshire. Lastly, as late as 1879 wo find that 
locusts are still numerous in Southern Kiissia and Caucasia. Tlmse 
latter periods, as the former, may severally be compared with the sun- 
spot cycles, and their dependence on the minimum epochs will become 
manifest ; they indicate a mean of about 6 years as tlie probable dura- 
tion of the locust flights in Euroi)e. 

That certain insects besides locusts are subject to i)eriodical. increase 
in Europe has long ago been pointed out in the Transactions of the 
Zoologisch Botanischer Verein in Wien (1855, Bd. 5), where the writer 
directs the attention of entomologists to the chronical increase of cer- 
tain Le])idoptera, G. Cardui^ A. Crakegiy G.Edusa^ 1). Gain, S. Convolvuli 
and A, Atropos, B. Brocessionea, B. Pinhwra, and Char was Gva minis; to 
the increase of many Libelluke and Ephemerw among tlu^ NcmroptcTa, 
to that of the Coccinellce among the Coleoptera, and that of the Chiroiw- 
mi, Sciarw, and Biploses^^ among the fly kind. This increase the writer 
fancied might recur in periods of many years; but he states that at that 
time suflicient evidcncein most cases was Avanting. He, however, in t he 
context, would seem to refer the ])henomenon to meteorological causes, 
and in this matter he has been followed by other commentators. For 
instance, Mr. Stainton, in England, remarks, in the Entomologist’s An- 
nual for 1859 : 

The almost unprocedeiitod heat of last Juue, coming so closely on the heels of the 
unusually hot sinniner of 1857, has had a most extraordinary effect on insect life (1858). 
Many species that are usually rare have been taken in some plenty ; species that are 
generally limited to a few of our southern counties have wandered far north, and 
some South European HX)ecies not previously added to our lists have now found a 
place there. 

Dr. Knaggs, in the Annual for 1864, draws another meteorological 
liarallcl, and says : . 

If we look hack wo shall find that the notably severe winters which terminated the 
years of 1824, 1854, 1844, 1854 — those of 17U4 and 1814 were also intense — were followed 
by seasons remarkably good for collecting. 

Three of these years follow on the minimum years of sun-spots. 

Several flintinct of Tiprla are prolnably hero inrlieated^; Kirbj' and Spence, Intro., pp. 91-92; 

Ed. 7; Stittiii Ent. Zeit., S. 65-00; Trails. Ent. Soc. London, 1881* p. 605. 



[Fr^ the Mairazine of Natural History, Zooloffist, Entomological Magazine, Entomologist, the Entomologist's Weekly Intelligoncer, and the Entomologist’ a Monthly 

Magazine, ic.] 
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My second table (Table II) is drawn up so as to illustrate this subject, 
and it will show how the phenomena of multiplication and migration of 
European Lepidoptera may be correlated with the sun-spot cycles. It 
refers to the periodical occurrence of certain rare moths and butterflies 
in the United Kingdom, which, from their persistent first appearance on 
our eastern and southeastern seaboard, are very generally supposed by 
entomologists to bo migrants to this country. It has been also surmised 
that these come to us as the vanguard of a great and well-defiued mi- 
gration of insects that periodically sweei>s over tlio European area, orig- 
inating, as in the case of locust invasions, if wo judge from the localities 
of observation and description of the species, in Africa or southern Asia. 
In constructing this table, I have selected a dozen of these rarities whose 
fitful appearance in this kingdom has been sullicieritly chronicle<l to 
afford mo certain results, and I have given a numerical abstract of the 
records relating to their capture, from the Magazine of Katural History, 
Zoologist, Entomological Magazine, Entomologist, the Entomologist’s 
Weekly Intelligencer, and the Entomologist’s Monthly Magazine. I 
have likewise found it proper to consult the Naturalist, Newman’s 
British Butterflies, and other works. 

The plan I have followed is in all cases to give the number of each 
kind of moth or butterfly captured or seen during a particular year, but 
in the instance of the cjommonplace Clouded Yellow (C7. Edusa)^ where 
scarcity or frequency is alone a subject of comment with our entomolo- 
gists, something more was needed, and to meet this emergency I have, 
over and above, adopted an arbitrary method of placing a 5. for every 
notice of the butterfly being plentiful, a 10 for every notice of its being 
common, and a 20 for every notice of its being abundant. In this way 
I have arrived at a series of numbers, which, if they fail in every case 
to translate the exact meaning of the writer, will nevertheless to all 
intents and purposes serve truly and concisely to indicate the fluctua- 
tion of the species. In addition to this, it has seemed of importance to 
indicate the period of the year when the captures were made, and^o this 
end I have affixed an «, spring, or an u, autumn, to the numbers; or, in the 
case of the hawk moths, I have placed the contraction Zar., and word 
hredj with a numerical figure to show the number of caterpillars of a 
species found or bred in this country in such and such a year. Tlie 
solar cycles are indicated in the first column, the epochs of fewest sun- 
spots being marked with a small w, and those of most sun-spots being 
denoted by a capital M. 

It will be then noticed that thq i)eriods of influx, although marked in 
the table as commencing with the ejmeh of minimum spots, arc, as in the 
instance of European locust invasions, protracted until the ensuing 
maximum, on the expiration of which a sudden diminution in the num- 
bqj of rarities noticed is manifest. As many of these, and the hawk 
moths^n particular, have their home on the borders of the tropics, it is 
6 E 0 
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probable that in this case, likewise, the epoch of fewest spots is their 
season of increase, aiul that during the ensuing years a tide of migration 
sets in northward. Thus wo read in the transactions of the French 
Entomological Society that in 1834 the south wind was very violent at 
Montpellier'^, and brought G/ioirocampa Celerio and Deilephila Lineata^ 
alias Livorniica^ in great numbers from Africa; and subsequently the 
first of these moths, with Ghoerocampa Neriij which became common in 
1835, occurred on the continent until 1839 or thereabouts. The next mi- 
gration, a remarkable one, took form in Germany in 1842, and in 1846 
the rare hawk moths, GoiivolvuU, Livornicaj Gelerio^ and Nerii^ oviposited 
over the whole of western Europe, Gelcrio reaching as far north as 
Stralsund. After this date, G. Nerii was noticed in France during the 
years 1856-’57, and at the same time it was likewise found in England.^ 
It is also to be remarked that the year 1874=^* brought suddenly a rare 
satellite of the hawk moths, Beiopeia Fidchella^ to the notice of Parisian 
entomologists, and in the following two j^ears this southern and eastern 
insect occurred in France and England. 

Certain periods likewise may be considered to have brought certtain 
iepidopterous species to England. Thus 1840 Avas a great year, 

1870 a great Livornica year, and 1877 a great Edusa year. Yet, although 
these rare visitants duly oviposited and often bred in this country, a 
glance at the table shows that they were virtually eradicated from it 
during the subsequent unfiivorable years. It Avould appear, however, 
that a temporary colony may result from these flights, as in the case of 
Ghoerocampa N^eriij Avhich propagated in a garden in Berlin between the 
years 1829 and 1832;** that of Deilephila EiiphorhkCj Avhich, discovered 
at Braunton Burrows, near Ilfracombe, in 1800, became abundant in the 
larva state in that part of Devonshire about 1819-^20;*^ and that of Dck 
lephila Galiij Avhich bred on the sand-hills at Deal, betAveeii 1855 and 
1802.*^ 

With regard to the quarter whence the arrivals of rare butterflies 
come to us, and their distribution, Mr. Staintoii has stated in the Ento- 
mologist’s Monthly Magazine (Vol. YII, p. 105*°) tliat Pieria Daplidice 

*®TTnTia. Soc. JCnt. <lo Franco, Torn. V, p. 3G5. Other works from wlioiico tho following abstract is 
drawn: Stettin Eiit. Zeit.; Soc. Ent. do Belgitiuo; Wieiuif Ent. Monatuchrift ; Nedeilauda. Ent. Ve- 
TijdH. voor X2nt. ; Ent. Eachriclitoii. There is a want of field record on tho continont, and I am 
afraid tin; x>rc,iudice lias crept into this country of late years. 

Convolvuli ovcr5’where in the autumn of 1858 and 1859. XTcdcrlands. Ent. Vereen, T^ds., voor Ent. 

Convolvuli plentiful atCratz, Etigcii, Nassau, and Sachsen, Aug. and Sept., 1875. Ent. Nachricliten. 

■** (Stettin Ent. Zeitiing, viii, S. 132.) Herr Bouch6’8 notice: Ich selbst hahe sio (Nerii) in don Jahren 
1829 bis 1832, jiihrlich in mciuem Garten tlioilsalHllaiipe thcils alsSchmottorling gefangen. . . . Frisch 
war wobl der Xirste in DciitHchlaiid, der ihn heschrieb. Er berichtet im VII Tlieile p. 5 seiner *' Besch- 
reibung von allerlcy Insekteu ” es sel dor Soranier voii 1727, in wclcliem sich diese Kanpennrt auf don 
moisten Oleandorbuuincn gcfuiidon habe, sclir trocken gowesen. Kdsel in 3ten Theilo seiner "lusok- 
tenbelnstigUDgen” notices the occurrence of Norii in 1740. 

Entomological Magazine for 1834. Mr. Rtvldon says: No Euphorbias were obtained after 1810 until 
the 3d of October, 1834, when a single clirysalis was found; they were exceedingly plentiful in 1814 
(100 larva) on a piece of spurge) and 1815 (20 piipio obtained). 

** Entomologist’s Monthly Magazine, Vol. II, p. 5-8. 

Also, Trans. Ent. Soc. London, new series, Vol. V, p. 234. ^ 
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and Argynnis Lathonia seem confined to the southern counties of Eng- 
land, not ranging north of reterborougli, but that Vanessa Antiopa is 
most plentiful between the Humber and the Tyne.” Erom this the 
writer would infer “that BapUd ice ixui\ Lathonia come to us from 
Franco, Aniio 2 )a more probably comes from Norway. 1 believe there is 
much in* this argument, and I surmise the ‘Camberwell Eeauties’ may 
come to us semi-torpid with deals from Norway.” It still, however, 
should be noticed that twelve years out of thirty that this butterfly has 
been taken the records appertain solely to the southern counties, and 
thjit in 1873 and 1874, years succeeding a great migration, it was plen- 
tiful enough in parts of France and North Germany. In 1842, a year 
when Baplidice was taken near Dover, several examples were found 
simultaneously in Belgium,^® a country where it generally occurs but 
singly. Lathonia again was frequently seen in Jersey from 1870 until 
1872; ^’ a circumstance which seems toaflbrd a reason for connecting in 
a series the captures made in this country during that period. As re- 
gards distribution: in 1858, 1872-’73, and, as is stated, in 18C1, Antopia 
visited the east of Scotland, and in 1865, 1872, and 1875 it was taken 
in Ireland. During the years 1847, 1852, 1857, 1802, and 1877 Edusa 
was taken in Scotland, and in 1844, 1805, and 1877 it was seen in Ire- 
land. Generally, however, the Clouded Yellow is conflned to the south- 
east coast of England, where 1 am not sure that it occurs every year. 
Uyale has been taken in Ireland, but it seems to have pushed no farther 
north than Nortlmmberland, where it Avas captured in 1834. 

In conclusion, it may be asked, “Can any one say when the locusts 
will again leave their breeding groundsand ravage the cultivated land*?” 
To this question I think a ready answer may be given. “Towjirds the 
next period of fewest sun-spots and eartlniuake prevalence, Avhich will 
occur, it may be four, it may be ten years hence.” Again, it may be 
asked, “Tell us if the ordinance of the sun-stars in their courses is at 
present for or against their increase.” To this question my data do not 
enable me to directly reply. It has been said by one writer that the. 
locusts multiplied at the time Europe was visited by the black death 
(1333-1359), the sweating sickness ( 1551-1553), and the plague of Barbary, 
(1799-1800), which severally indicated sun periods when epidemics spread 
northward. For, taking out the great cycles of east and west deviation 
of the magnetic compass as unilorm (1814 W. — 1580 E.— 1340 W.),^® syn- 

“Soc. Ent. de Bolgique. An., toin. 1-4. 

^Eiitoniologisfc lor 1H72, two taken in Die little ii»1nu(l of Sark in 1872, but tliis is perhaps nothing 
unusual ; in 1876 1 noticed a few near Calais. 

Tallies showing the oast and west variatLcti of the magnetic noodle are given by Sir David Brewster 
in bis Trcatlso on Magnctisin. The cycles are given :is from ].'>60 niaxiniiim oast deviation, to 1815 
maximiiiii west deviation at Londuii; 1580 niaxiiriiim oast deviation, to 1814 niaxiniiim west deviation 
atP.aris; and the maximum west deviation at the Capo of Good Hope is stated to have occurred in 
1791, that is, thirteen years earlier. He adds: ** Professor Hanstecn has exjdained these progressive 
conges in the variation of the needle by the motion of the fuiir iiuignetic ptdes. Taking the varia- 
tiobs at Paris for the northern lieniisphere, he remarks that in 1580 the weak N. pole in Siberia waa 
about iio ;q, of Greenwich, or to the N. of the White Sea; while the strong American pole was about 



84 ftEPORT UNITED STATES ENTOMOLOGICAL COMMISSION. 


chronism may be argued in favor of the occurrence of the plague of 
Barbary, the sweating sickness, and we may say of the black death. 
Yet with none of these disastrous positions on the great cycle does the 
present time agree. If the sun-spot cj^cles be examined, it will be fur- 
ther seen that we have reached a time when the solar phases are short, 
and that similar short phases are given by tlie seismic data as having 
teanspired about the middle of the seventeenth century, and again, as 
would seem from observed sun cycles, about the middle of the eighteenth. 
Although the agreement is not exact as regards figures, we still discover 
that the points are marked by the freezing of the Thames, plainly indi- 
cating the passage of intensely cold winters (1670 and 1683-’4), espe- 
cially in the former case, where there is just previously a change indi- 
cated in the frequency of auroral displays (about 1640), that is almost 
synchronous with the great plague of London (1648-1665). Tw^o great 
locust swarms in their sweep over Europe mark the intermediate period 
of time, namely, those of 1689 and 1747, but whether any exact agree- 
ment may exist between the epochs of these visitations of Providence 
I cannot say. They seem to indicate fragments of climatic cycles and 
attendant phenomena, following the greater sun-periods marked by the 
east and west deviation of the compass needle, and corresponding to 
those we have established, for the minor. If we may further suppose 
the changes of climate that have transpired between 1346 and 1580 to 
have been similar to those that have been experienced since the year 
1814, we might, in i)icturing to ourselves the multiplication of 0. spretus 
during the period 1815-1877, call up before the miiuVs eye the produc- 
tion of that great swarm of grasshoppers that invaded Europe about 
the years 1353 and 1374. Both points of time, to say the least, must have 
been i)retty well identically marked by the point of the compass needle 
on its circuit. 

In concluding my essay, in order to assert the noble dignity of my 
subject, in <irder to free myself from all calumny from those of my 
brother naturalists untrained to numerical computation, or from impu- 
tation of the black art on the part of those little thinkers who might 

136° W. of Given wich, orSOo E. of Hohrin.u’HSlraitH. The weak polo, thorefore, Iflynoaror Europe than 
now, and tho atruiif; ono moro remoio. Iloucc tlio nctiou of tlio former prodominatod, and the ncodlo 
turned weaWard till 1314, in which year it reached ita greatest declination, and commenced its oaatcTly 
■oonrae." Tho explanatien is equally satisfactory in reference to tho southern hemisphere, and the 
Taiiatioii at the Cape, where in IGOri the w-oak 5. pole was 76}° W. of Greenwich, and the strong S. polo 
About 150° E. of that meridian. The two northcni and two southern poles are elsewhere supposed hy 
Sir David Brewster to bo the points of greatest cold, while a marked agreement exists between the 
magnetic (isoflyiiamic) and mean toinpt.'rature (isothermal) lines. 

James Forbes (Math, and Thys. Science, p. 000) says, sj^oaking of tho charts of Halley and Hansteen: 
“It results from these charts that tho line of no variation, which in 1600 formed a remarkable arch- 
like curve, Btrctching from the Gnlf of Mexico to near tho North Cape of Norway, then descending 
through Central Europe to tho Gulf of Guinea, had, during the sevonieonth and eighteenth centniics, 
become gradually flattened (having passed through Paris in 1660, and through London twelve years 
earlier), and at present this part of tJie line of no variation is confined to tho American continent and 
neighboring sens. Another and more complicated branch of the same line traverses the Pacific Oeen* 
making a%)rnplcx Hcrpontino track through Eastern Asia and Siberia. The lino of no variath'n may 
be expected to pass through those points of the earth’s surface towards which the needle couvergos.** 
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hastily conclude that I had hound up their destinies in a sun god, with 
clear conscience, I chaflenge academical siii>port for the following enun- 
ciation, arising out of a study of iny subject: The weather is the cause 
of insect miilti]>lication; the weather in consecutive years differs alone 
(virtually) on account of changes in the sun’s i)hotosi)here. Isolated 
observations on temperature, magnetic deviation, auroras, w'ind disturb- 
ance, rainfall, water in rivers, famines, diseases, or epidemics, earth- 
quakes, and other sun i^henoiwena give erroneous results. Properly 
generalized observations sliow almost invariably an exact concordance 
between the sun changes and these ejjects. The conception, as the proof, 
is one of numbers. 
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CHAPTER VI 


TIIE ARMY WORM {Leucania unipuncta Haw.). 

[Plates I and II.] 

NOMENCLATURE. 

There is perhaps on this side of the Atlantic no more fiuiiiliar insect 
name than that of Army Worm. Unfortunately, however, this name is 
as comprehensive as are most popular names, and, as used by different 
people, in different parts of the country, may n^fer to entirely different 
insects. In fact, in but few other cases is this bane of popular ento- 
mology — the application of a limited number of i>opular names to an 
almost unlimited number of insects — better exemplified than here. 

Years ago some unwise individual applied the title Army Worm to the 
southern Cotton Worm {Aletia ccylina^ Bay). Glover adopted the title, 
prefixing, however, the word cotton; but it has occasioned confusion 
ever since. For instance, there appeared in the columns of one of our 
prominent agricultural periodicals, during the disastrous Army Worm 
year of 18G1, an article, couched in pseudo scientific language, stating 
tliat the insect ravaging the New England fields was the Anominxylina 
of Say, (luoting liom a Louisiana paper an account of its work in the 
southern cotton-fields, and following with an article from some western 
periodical describing its injuries in the wheat-fields of the Northwest. 

Another southern insect, tlie Grass Worm (Laphygma fntgiperdaj Sm. 
& Abb.), has been dubbed “the Army Worm” by southern people, and 
this name for this species was adopted by Lyman in his Cotton Culture, 
and by others; hence a confusiou between these two insects also has 
always existed, though here the mistake is more excusable, owing to their 
great resemblance in the larva state, both in appearance and habit. 

The Tent cateipillar of the forest {Gliaiocampa mlvatica Harr.) often 
appears in extraordinary numbers, especially in the Southern States, 
where large stretches of oak forest are sometimes defoliated by it, and 
when migrating in search of suitable places to spin up, or when seeking 
further food, it has been called “ the Army Worm.” We have previously 
cited*® its appearance near Memjihis in 1872, when it frequently stojijied 
the trains going in and out of the city. It stripped orchards, and great 
lanes of bare trees marked its track through the woods. 

At a meeting of the Western New York li^uit-Growers’ Assoiaation, 
i^^lSCl, there was a learned discussion of the “Army Worm” and the 
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means necessary to prevent its injuries to fruit trees. Althougli the 
subject was discussed by a lialf dozen or more i)ractical liorticulturists, 
no one corrected the name, and all spoke gravely of shaking tlieui from 
the tree, or of belting it with lard and sulphur or other mixture to pre- 
vent the worms from climbing up. Possibly this name answered their 
puri>ose sufticicntly well, as all were evidently speaking of the same 
insect — ^probably the Canker Worm — ^but think of how the discussion 
W'as quoted in one paper and another, and think of the confusion which 
the reading of such a n^port would create in the minds of those anxious 
to learn the truth, and who had not access to reliable works! 

The California newspapers have Irom time to time recorded the ap- 
pearance of the Army Worm in that State. That the genuine Army 
Worm is not concerned in this damage is shown by the fact that the in- 
sect, whatever it is, has manifested little disposition to injure the grain; 
but garden vegetables, and even grapes, have suffered severely from 
its attacks. 

The larvm of Sciara, which congregate together in large numbers 
and move as one body, attached to one another, head and tail, are 
called by our German citizens “the Army Worm” {lleencurm). 

In Europe several larvm .are known by this name, particularly the 
Calocampa ^xoleta (Linn.). 

The Army Worm proper, which we have sometimes called the North- 
ern Army Worm to better distinguish it,‘‘‘^ and which was known in the 
early chronicles as “the Black Worm,” is tlie larva of a Noctuid moth, 
known as Leveania unipimcta (Haworth). 

The history of its synonymy is as follows: Upon the breaking up of 
the collection of Dr. Francillon, in London, a specimen of this moth, 
without localit.y label, fell into the hands of Mr. IJawortli, who in ISIO 
described it in his Lepidoptera Britannica as Nodna unipnneta, 

111 1829,Ste])hcns, in liis Illustrations of British Entomology, ITaustel- 
lata, III, p. 80, jniblished a description of it, under the name of Noctxia 
impitncta — either a misprint or a slip of the i)en — and stated that its 
habitat was unknown. 

In 18o0 (List of the Lepidoptera in the British Museum, p. 2S9), the 
same author corrected his ]>revious mistake in the specific name, and 
stated the insect to be North American. In 1852, Guem5c, in the first 
part of his Noctuelites, pp. 7T, 78, described the species as Lexicania 
extraneaj not having connected it with Haworth’s species. He de- 
scribed it from numerous exotic specimens in rarisiaii collections. 

Though the insect prevails in the South, yet in thc^Cotton States it rarely if ever attract s tlie same 
attention as in the more northern States. This is due, iii our Judgment, to the following facts:— 

1st. The species, both in the larva and imago states, is more continuously active tbrongli the winter, 
and consequently more subject to destruction hy birds and other nsturnl enemies. 

2d. The area of grain and grass crops, upon which it feeds, is limited, as conipuml with cotton, upon 
which it does not feed. 
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Of late 3'ears, a few American Lepidopteriats, following: Mr. A. R. 
Grote, have adoj)ted Hiibner’s generic name of Ileliophila in place of 
Leucania. We would repeat here Mr. Riley’s reasons for rejecting this 
and other of lliibner’s “coitus” names for modern genera. 

I cousider that tlio reasons so long urged by entomologists against the adoption 
of the chissitlcatioii of the **Ti*ntanicii” and “ Verzeichniss,” and partieiilarly those 
given by Giiende, for not following this last in his admirable work on the Noctuidu*, 
are good and sound. The Hiibiierian chissilieation is i*ssentially unreal and the 
generic divisions so inadequately dolined that I doubt if any one would attempt to 
make use of the works in question, were it not for the referenecs to the adinirabiy 
illustrated works of the same author. The introduction of his generic tonus into 
American Lepidopterology has so ii])sot its nomenclature, without in the least ad- 
vancing onr knowledge, and the grounds for this introduction are so quostiouahle, 
that tliose who make these insects a specialty are apt in the future to divide into two 
factious — the Hilbncrites and the aiiti-IIUlmcrites; in which event the hitter will 
certainly have strong support from entomologists in general. — [8th Mo. Ent. Jiep., 
p. 22. 

GEOGRAPHICAL DISTRIBUTION. 

Leucania unlpuncta is a very widesi)rcail, we may say cosmopolitan, 
species, though nowhere, as far as we are aware, is it ]>aiticnhirly noted 
as an injurious insect except in the United States. On this continent 
its range is great. Packard’s map (Rei)ort on Rotjky Mountain Locusts, 
&c.) gives its southern limit tis the southernmost point of Texas; its 
western limit at l()2o west; north at parallel 48® in Minnesota and at 
Cape Rozier in Quebec, and east at the easternmost i)oint of Nova Scotia. 
We have no data as to a wider range except that in the Bril ish Miisenni 
catalogue of lepidoptcra this species is entered as from “tlic west coast 
of North America.” Without much doubt, liowcver, it will be found 
fartlier west and farther north than the limits we have mentioned, as 
collc(5tions from out of the way spots become more common. The re- 
gions most ravaged, as taken from Packard’s ma]), arc as follows: 
Eastern Iowa, Southern and Central Wisconsin, excluding an eastern 
strip; Northwestern, Southern, and Central Illinois; Eastern Kansas, 
Eastern Missouri, Southwestern and Southeastern Indiana, Nortliern 
Kentucky, the whole of Oliio, Eastern and Western Pennsylvania, East- 
ern and Southern New York, Western New Jersey, the whole of New 
England, except a small western stri]) of Massachusetts and Connecti- 
cut, and the northwestern half of Vermont. 

The species has not been found, so far as we know, in tlie West In- 
dies, though we certainly think that it exists there. Both Guoiu^*e and 
Walker mention it from various, parts of South America — Venezuela, 
United States of Colombia, and Brazil. In Europe it has been recorded 
from the Isle of Wight, and from Lewes, South England. Farther cast 
the moth has been captured in the Province of Ne])anl, North India, in 
Jaya, in several localities in Australia, and, to end our list, in New 
Zealar:d. 
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CAPACITY FOB INJURY. 

It seems strange, imlocd, that Leucania unipuncta^ widespread as it 
is, should bo destructive only in the more northern of the United States j 
yet such seems. to be the case, so far as we have any facts to warrant 
conclusions. Here, however, the capacity for injury is very great. 
Hardly a year passes by without its appearance in some part of this 
area, and a resulting damage to crops of hundreds of thousands of dol- 
lars. Its high rank as an injurious insect is so well known that, in the 
absence of definite statistics as to losses, it seems hardly worth dwell- 
ing upon. In fact the only case in which statistics have been attempted 
is the estimate of damage to western Massachusetts in 1801, where 
it was placed at half a million of dollars, and, as there were twenty 
States damaged to a greater or less extent this same year, the total 
loss for 1801 could not be far from $10,000,000. 

The injm'y to crops in 1801 was, however, as we shall soon show, more 
widespread than in any preceding or succeeding j’ear; yet even in 
years of local appearance the injury is sometimes very great. Last 
year (1881), for instance, the amount of damage done to a single crop 
(oats) in Illinois and Indiana w^as not far from three-quarters of a mill- 
ion dollars. The magnitude of the interests involved causes even aslight 
percentage of loss to re])resent a very large sum. This is readily shown 
by the fact that in 1880 the value of those crops subject to the ravages 
oi Leucania amounted to over one billion seven hundred millions. 

P.VST niSTOBY. 

In 1854 Charles L. Flint compiled, for the report of the Secretary of 
the State Board of Agriculture of Massachusetts, “an account of the 
meteorology of the !New England States with reference to the years of 
drought from 1023 on to the date of writing.” In this account appear 
incidentally the following notices of worms, which may possibly refer to 
Leucania: 

1032. “The Avorms made extensive ravages on the corn.” 

1046 and 1649 “were caterpillar years.” 

1006. “The Indian corn eaten by the worms,” 

1743. “Millions of devouring worms in armies, threatening to cut off 
every green thing.” 

1702. “At last, Avheii the corn was planted, millions of worms appeared 
to eat it up.” 

1770. “A very uncommon sort of a worm, called the Canker Worm, 
ate the corn and grass all as they went above ground, which cut short 
the crops in many places.” 

Of these entries that of 1743 is the only one which has been quoted 
as a genuine Army Worm reference^ it is indeed always mentioned as 
the first Army Worm year. But w'e must not overlook the fact that while 
the entries of 1032 and 1000 may refer to Ileliothis armigera^ those of 
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1646 aDd 1649 to any one of many species, and that of l'^2 to some cut- 
worm, yet they may also, one or Jill, very possibly refer to Leucania. 
For exact purposes, however, wc may agree with Fitch and the others 
who have followed him so closely, in considering 1743 as the first Army 
Worm year of which we have pretty definite proof. We are also in- 
clined to think that Flint’s quotation in regard to 1762 has reference to 
Leucania, though not as certainly as that of 1743. 

Concerning the appearance of the Army Worm in 1770 there can bo 
but little doubt, for, in addition to the quotation given above, we have 
two graphic accounts wliieli quite evidently point to the true Army 
Worm as the author of the damage. The first is that given by the Uev. 
Grant Powers, in his Historical Sketclies of the Cods Country (New 
Hampshire), published at Haverhill, N. H., in 1811: 

In til© Buninior of 1770 this whole section was visit oil by an extraordinary calamity, 
such a one as the country never experienced before or since, beyoinl w’hat I sliall hero 
specify. It was an army of worms, which extended from Lancaator, N. H., to North- 
field, in Massachusetts. They began to appear the latter part of July, 1770, and con- 
tinued their ravages until Septeinher. Tlie inhabitants denominated them the 
^‘Noilhorn Army,” as they seemed to advance from the north or northwest and to pass 
Ciist and south, although I do not learn that they overpassed tliohigh lands between 
the Connecticut and Merrimack Rivers. They were altogether too iniuimerablo for 
multitude. Dr. Burton, of Thotfort, Vt., told me that ho had soon whole pastures so 
covoro<l that ho could not put down his finger in a single spot without placing it upon 
a worm. ITo said ho had seen more than ton bushels in a heap. They wore unlike 
anything which the present generation have ever seen! There was a stripe upon the 
back like black velvet, on either side a yellow stripe from end to end, and the rest 
of the body was brown. They were sometimes seen not larger than a pin, but in 
their maturity they wore as long as a man’s Huger and proportionahly large iu cinMim- 
fereiice. They appeared to he iu great haste, except w'hen they halted to devour I heir 
food. They tilled the houses of the iiihahitaiits, and entered their kiieading-tronghs, 
as did the frogs in Kgypt. They would go up the side of a house, and over it, in such 
a compact column that nothing of the hoards or shingles could be seen! They did 
not take hold of the pumpkin vine, pease, ijotatocs, or flax j hut wheat and corn dis- 
appeared before as if by magic. They would climb up stalks of wheat, eat oil' the 
stalk just below the head, and almost, as soon as the head had fallen upon the grutiiid 
it was devoured. To prevent this the men would “draw the ropo,” as they termed 
it; that is, tw^o men would take a Toi)e, one at each end, and pulling from each other 
until it was nearly straightened, they would pass through their wheat-fields and 
brush oil* the w'onns from the stalks, and by jH^rpetual action they retarded the do- 
«truction of their wheat; hut it was doomed, finally, to extinction. 

There were fields of corn on the meadows in Haverhill and Newbury, standing so 
thick, large, and tall that in some instances it was difficult to see a man standing 
more than one rod in the field from the outermost row ; hut in ton days from the first 
appearance of this Northern Army iiolhiiig remained of this corn hut tho bare stalks! 
Every expedient was resorted to by the inhabitants to protect their fields of corn, but 
all iu vain. In the first place they dug treiiclies around their fields a foot and a 
half deep, hoping this might prove a defense; but they soon filled tho ditch, and tho 
millions that were in tlio rear w'ont over on the backs of their fellows in tho trench 
and took possession of the interdicted food. 

Thio inhabitants then adopted another cxiiedient to save those fields yet standing. 
'The/out^a trench as before; then took round and smooth sapling sticks, of 6 or 8 
inches diameter and 6 or 8 feet iu length, sharpened them to a point, and with these 
made holes in the bottom of the ditch, once iu 2 or 3 feet; and, as their meadows 
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wero liottoiii luiuff, they cxpRriciiced uo ditUcnlty in extending these holes to 2 or 3 
feet in deptli below tlio bottom of the trencb. The sides of these holes were mado 
smooth by the bar or lever whieli mado the holes, and as soon as the worm stepped 
from the precipice ho ended at the bottom, and could not ascend again; indeed, ho 
was soon buried by his unfortunate fellows who succeeded him in his downfall. Now 
those who made these holes to entrap their invaders w'ent around their helds au9 
plunged these pointecl levers into the holes tilled witli worms, and destroyed every 
one of them at a single thnisl, whether it was a })eckor a half bushel, lly unremit- 
ting ellbrt in this way, sonui reserved to themselves corn enough for seed the next 
year. 

About the 1st of September the worms suddenly disa]ipeared ; and w^hero they tcr- 
iiiiiiated their earthly career is uiikiiowii, for uot the carcass of a worm was seen. In 
just eleven years afterward, in 1781, the same kind of worm apx)earcd again, and the 
fears of the i)eo}de were much excited ; hut they w^cre comparatively few in unmbor, 
and no one of the kind has ever been seen since. 

Jle then goes on to say that if it had not been for the pumpkins, 
whieli thrived marvelously in the corn-tiehls after the grain had been 
destroyed by the worms, many people would have died the ensuing 
winter from the scarcity of food consequent upon the ravages of the 
worms. The extraordinary abundance of wild pigeons also helped to 
sustain many who otherwise would have perished. 

The account which Fitch quotes from Koah Webster on Pestilential 
J)iseas(*s (1, 250) may here be given, as it presents one or two points of 
difference from Powerses account, which are italicized. 

In 1770 a black worm about an inch and a half lon<j devoured the. grass and corn. 
Never was a more singular pheiioiiienon. These animals were goneriited suddenly in 
the Northern Stales of America, and almost covered two or three hundred miles of 
country. They all moved nearly in one direction, and when they were intercepted 
by furrows in ploughed land they fell into them in such iinmhers as to form heaps. 
They sought shelter in the grasSf a hot sun being fatal to them. Tliey disappeared suddenly 
about the close of June or begiuiiiiig of July. 

From Powers’s description of the worm alone much doubt inigiit ex- 
ist as to its identity with Lcncania. Indeed it applies mucli more closely 
to a large sphinx larva, the Deilephila lineuta, Fabr. It may, however, 
have been wi itten some years afterwards, the size of the worms having 
bc'come magnified in the memory of the writer, and the other details con- 
fused. Webster, as is seen in the above qiiotatir .i, gives more uearly 
the correct size, and, all things cousiilered, the worm was most probably 
the true Army W^nrn. 

Ill 17!)0 Webster again records their apiiearaiice, this time in Con- 
necticut, as follows: 

1790 millioiiH of the black woriiiH noticed in 1770 reappearetl in Connecticut, 
appearing at Hartford and Norwieli, aud disappearing in these plai es at the same 
time. They were very destrnetive to the (^rass and corn, hut their existence waa 
short, all dying in a few weeks. 

In 1817 the worms again appeared in Massachusetts, New York, and 
other parts of the country. Fitch quotes from the Albany Argus as fol- 
lows: 

Worcester^ May 22. — We learn that the black worm is making great ravages on some 
farms in tliis town, and in many other places in this part of the country. Their march 
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is ft displayed eoliinni, and their luo^ress is as distinctly marked aiS tlieeourseof a lire 
which has overrun the lierba'»e in a dry pasture. Not a blade of «;rass is left standing 
in their rear. From Hie api»earanee of the worm, it is Kn])posed to be the same wliieh 
nsiially infests jijaidens, ami is commonly called the ent-worm. We are iiiformeil that 
about forty years af;o the same kind «>f worm made jijivat destruction in ploughed land, 
" mong spring grain, but particularly in liclds of llax. 

The Albany Argus adds to the atovo a/s follows : 

This black worm is also destroying the vegelatitui in the northern towns of Rensse- 
laer and eastern sections of Saratoga. Many meailows and pastures have been ren- 
dered by their depredations as barren iis a- heath. It appears to be the same species 
of worm that has created so much alarm in Worcester County, but we suspect it is^ 
different from the cut-worm, whose ravages appear to be con lined to corn. 

In ISIS or 1820 the worm appeartul in largo numbers in Union County, 
Illinois, as Walsh was informed by one of bis correspondents. 

1825. — In this year the worms damaged the timothy ero]) in parts of 
Ohio, as api)cars from an article by Jos. Ilradslniw in the Farmer’s Ite- 
l)orter (Ohio), 1SJ5, copied in the American Farmer’s Kegister of the 
same year. They also aj)pearetl this year in Ferry County, Illinois, ac- 
cording to Walsh. 

182(i. — Damaged the crops in Perry County, Illinois. (Walsh.) 

18;i0. — Did much injury in Illinois, according to the New England 
Farmer of July 2, 1830. 

1834. — Perry (./ounty, Illinois. (Walsh.) 

1835. — According to Volume V of the Cultivator (Boston), the Army 
Worm this year appeared in Missouri — iiimdetMi yt'ars earlier than the lirst 
appotirance in this State, given in our Eighth Missouri Fntomologieal 
Eeport. In this instance is mentioned for the lirst time the good which 
the worms occasionally do by stripping off the leaves affiHitcMl by rust. 
It also damaged the timothy crop in Ohio this yetir, as we learn from the 
article of Jos. Bradshaw mentioned above. It also apiteared, according, 
to Thomas, in Vtuniillioii County, Illinois. 

1837. — Vermillion County, Indiana. (Old agricultural newspaper.) 

1838. — Union County, Illinois. (Walsh.) 

1831). — Perry County, Illinois. (Walsh.) 

1841. — Perry CoMiity, Illinois. (Walsh.) 

1842. — This was a* year of more extended appearances. According to 
Walsh it djimaged the crops of Union, Perry, and of the northern 
counties of Illinois. Fiteh states that it a])])eared this year at numerous 
points in Northern Illinois, and fnun an old iiiiinber of Ihe CoiiiPry (len- 
tlcman we learn that it did some damage in Western New York. 

1845. — Nbrthern Illinois (Walsh); numerous points in Northern Illi- 
nois (Fiteh). 

1841). — This year it again appearetl in Illinois, according to Walsh,, 
and also in Southwest Michigan, according to the Michigan Horticult- 
urist. 

*1840.— Illinois. (Walsh.) ^ 

1854. — According to the statement of Mr. M. P. Lentz, of Rocheport,. 
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Mo., the worms abounded this year in parts of Boone County, Missouri, 
as stated in our Eighth Missouri Entomological lleport. 

1855. — This was the year in which Mr. John Kirkpatrick first studied 
the Army Worm, Ho reared the worms to the perfect state and de- 
ficribed the larva and the moth. TheiV W'ork is described as follows ; • 

Last st^ason (1855), in consequenc “ijivy rains in the early part of Juno, the 

flats of the Cuyahoga (Northern Oh io) .if ere flooded. After the siihsidence of the water, 
and while the grains was yet coated with the muddy doi>osit, myriads of small blackish 
•caterpillars appeared ; almost every blade had its inhabitant ; no animal could Iced 
upon it without at every bite swallowing several ; if a new blade sprung ui) it was 
immediately devoured ; but, what was more remarkable, the insects did not attempt to 
remove to land a foot or two higher, but that had not boon covered by the water. 

185C. — Union County, Illinois. 

1857. — In 1857 the w’orins again appeared in Union County, Illinois, 
and also in Maryland. A writer from the latter State gives an account 
of the worms in the Kew Jersey Farmer of that year. He describes 
for the first time tw o of the Army Worm’s parasites — the one a Micro- 
gaster (probably If. militaris Walsh), and the other a Tachinid (prob- 
ably Kirkpatrick’s Nemoraa leucani<ic). 

1858. — Illinois (Fitch); northern counties of Illinois (Walsh). 

1861. — This is by far the most celebrated of the Army Worm years, 
I)eeause, in the first place, the w'orms appeared in destructive numbers 
over an immense extent of country, and, in the second i)laee, because 
this appearance called forth the elaborate articles of Fitch, Walsh, 
Kirkpatrick, Thomas, Packard, and Shurtleff. Indeed, barring Kirk- 
patrick’s short note in 1855, this was the first year in which the Army 
Worm had been at all scientifically studied. Its distribution this year 
Tras as follow's : 

It was first noticed in numbers sufficient to cause alarm in Tennessee .and Ken- 
tucky during the moiitli of April; and toward the close of the same mouth it ap- 
peared in the snutliem counties of Illinois. By the end of June it had visited nearly 
4 ill portions of tlie latter State, proving more or less destructive to griiss, wheat, oats, 
xye, sorghum, ami corn. 

Its advent in Missouri was simultaneous with that in Illinois, and, judging from 
what facts I have aceiiniulated, it occurred very generally over this State, though 
‘ xecordod only in Saint Louis, JeiVerson, Warren, Boone, Howard, and Pike Counties. 
No mention is made of its occurrence, at this time, in .my of the States or Territories 
w'est of Missouri, but to the east scarcely a single State escaped its ravages. In 
many portions of Ohio it entirely destroyed the hay and grain crops. (Kiley^s 6th Mo. 
Eut. Kept.) 

Along the Ohio Kiver, in the southern part of the State, and even as 
far north as Shelby County, the damage was all done prior to the mid- 
dle of June, while in the northeni counties, bordering on Lake Erie, 
the worms were not observed until the Ist of August. They Avere prev- 
alent in Indiana, the northern and w^estern portions of Pennsylvania, 
the southern and western portions of New York, as far north as Seneca 
County; in all N^ Jersey, and throughout all New England, idong 
the sea coast as far as the Saint Croix Eiver, in Maine, and as far north 
as Montreal, in Canada. 



PAST HISTORY OP THE ARMY WORM. 


97 


In 18G5 ami 18GG it attracted attention in restricted localities in Illi- 
nois and Missouri. In 1860 it a^^aiii appeared in vast numbers in many 
portions of Missouri, especially in Saint Louis, Jefferson, Cooper, Calla- 
way, Henry, Saint Clair, Marion, Kails, and Lafayette Counties ; also in 
# Illinois and Indiana. 

1870. — In this year tlie w'onns v, re reported to the Department from 
Jefferson and Crawford Counties, Kauris ; Polk and Osage, Missouri, 
and Kichland, Wisconsin. 

1871. — Marion and Morgan Counties, Illinois (Prairie Farimu’ Kecord) ; 
Linn, Louisa, Washington, Appanoose, and other counties in Iowa 
(State Agricultural Keport, 1871), and Warren County, New Jersey 
(Monthly Keport Department of Agriculture, 1871). 

1872. — III 1872 it wiia inoro widesprcail, and T recoivod spociiiiiiiis from several cor- 
I'espondents, in Iowa more ijariicularly. It was reported in Louisa, Van liiircn, Wa- 
l)ello, Jeflerson, Muscatine, Jasx>cr, Washington, Iowa, and Adams Counties in that 
State, and very generally in Wisconsin, in Ohio, and in Kentucky. It attracted less 
attention in Illinois ami Missouri, though I met with it frequently in tlie last-nained 
State. It was also reported from Tioga County, New York. Grapliie accounts were 
likewise published of its devastations in Tennessee, and the California Farmer of July 
25, 1872, reported legions of Army Worms as appearing over that State spontaneously, 
and “stripping vines and potato fields.” From this last stateinont I infer that they 
were of some species other than the one wo are considering. 

Hut the most interesting manifestation of the insect during the year 1872 was in 
the vicinity of Peshtigo, in the northeastern portion of Wisconsin. It w'ill bo remem- 
bered that of the niemorablo fires that ravaged the m^rthw'estern country in tlie fall 
of 1871, none, after that of Chicago, attracted more attention or caused more sympa- 
thy for the sufferers therefrom tliau that which swept through Peshtigo, destroying 
the w'hole town and causing nnniorons deaths and great distress. During July of 
the following year the pcoi»lo of Peshtigo snficred another inlliction in the shape of 
armies of worms that destroyed the crops .and were so numerous that in many places 
they could bo shoveled up by bushels, and fell into wells in such myriads as to render 
tlie water foul and useless. This case has such an interesting bearing on the inseePs 
natural history that I sliall revert to it again under that head. For the present it is 
only necessary to say that there can he no doubt as to the speeies, as sp«‘cimens re- 
ceived by Dr. Lo Harou and by myself showed it to bo the insect under considera- 
tion. (Riley’s 8th Mo. Kilt. Hop t.) 

Ill addition to these localities we have the following from the ento- 
mological records in the Monthly Keports of the Department of Agricult- 
ure: Wabash, Monroe, Lawrence, Carroll, Ogle, and White, Illinois; 
Cherokee and Labette, Kansas; Posey, Gibson, Spencer, Hancock, Mar- 
ion, and Pike, Imliana, and Henry and Nahaska, Illinois. Also in a few 
localities in Khodc Island and Connecticut the sod-corn and the grass 
crops were taken. 

1873. — This year the worms injured the grass crop in Northumber- 
land County, Virginia, in July (undoubtedly the second brood), and tliey 
also occurred during the year in Bedford Comity, Tennessee, on clover; 
in Posey and Dubois Counties, Indiana, on meadows; and also in Ed- 
’wV'rds, Williamson, Franklin, and Perry Counties, Illinois, also on mead- 
ows.**^ 


7 E 0 
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1874. — In 1874 the worms were cleckletlly more injurious tlinn in the 
preceding year. In Kentucky they appeared in Logan, Adair, McLean, 
Livingston, Breckinridge, Taylor, and Ohio (^onnties^ in Tennessee, in 
Knox, Chatham, and Putnam Counties, on grass, and in Dickson County, 
on millet 5 in Missouri, in Saint Genevieve and Logan Counties, and in' 
Illinois, in Marion, Edmunds, Jackson, and Montgomery Counties. In 
his Entomological Record for this year, Glover says that Leucania ujii- 
puncta in July damaged grass in Richlaiid County, South Carolina, 
Heard County, Georgia, and Macon County, Alabama; .but it seems 
quite likely that the insect doing the damage was the “Grass Worm’^ 
(Laphygma frugiperda Sm. & A.), and not Leucania. 

1875. — The following account of the work of the Army Worms dur- 
ing the year 1875 is taken from Glover’s Entomological Record, in the 
Monthly Reports of the Department of Agriculture for that year, page 
309, and in all probability refers to Leucania nnipuncta: 

GRASS ARMY “WORMS {Leucanio iniipuiicia prol>.). 

This insect appeared in Lincoln, Maine, early in August, and destroyed some fields 
of grain and other crops. In Newport, Rhotle Islsind, they overran several luilds/ 
eating all the grass and most of the cereals, inchnliiig some cornfields. They were 
here fully as destructive as in l^'Gl. They also appeared in ('anibria and Chester, 
Pennsylvania; in .Frederick, Maryland; in Craig, Grayson, and Augusta, Virginia; 
Tucker, Randolph, and Nicholas, West Virginia. Insects called Army Worms were 
destructive to oat crops in Ohio. In Fulton, where they had been previously coni par- 
atively unknown, they came by millions, cutting the stalks of oats and leaving the 
ground covered with the grain. Hancock lost 50 per cent, of the crop, which was also 
greatly injured in Henry, Van Wert, Fulton, Montgomery, Mercer, Auglaize, Crawford, 
Delaware, Lnca.s, Union, Warren, Morrow, and Ailaiiis. In Lieking the general de- 
struction of oats was supplcTncnted by serious injury to the corn. Tliey cut oft the 
leaves and heads of the oats just ready to liarvest. The insect is deseribed us resem- 
bling the cut-worm, but a little lighter colored, being a light brown. In some cases 
they attacked every green tiling. In Monroe and Hranch, Micliigan, they destroyed 
not only oats, but grass, corn, wheat, and rye. They are also reported in Franklin, 
La Porte, Whitely, and Do Kalb, Indiana, .and in Alexander and Ogle, Illinois. 

From tlio regular entries of correspoiuleiits’ reports w'o gather the 
following additional localities for this year: Montgomery County, Vir- 
ginia; Knox, Greene, and Obion Counties, Tennessee; Logan County, 
Kentucky; Saint Genevieve (May 20), Boone, Ferry, Howard, Gascon- 
ade, Montgomery, Madison, Cape Girardeau, and Bollinger, Missouri; 
in Pike, Perry, Jersey, Randolph, Madison, Sangamon, Monroe, and 
Clinton, Illinois; Logan and Medina, Ohio. From Clallam County, 
Washington Territoiy, came the following report: 

Timothy attacked by Army Worms, which itaiiscd our farmers to commence . hay- 
making sooner than they intended. 

We supplement the above and conclude the record for 1875 by the 
following from our Eighth Missouri Entomological Rei)ort: 

During the latter part of May, or just about the time Ihat there “was the greatest 
consternation regarding the locusts, oiir papers contained dispatches from vUrious 
parts of Southern Illinois and Central Missouri to the effect that the Army Worm had 



PAST HISTORY OF THE ARMY WORM. 


99 


appoaredin countless millions, and was destroying the grain crops at an alarming rate. 
During the last week of that month Mr. M. SaniuelH, of Clinton, Ky., brought speci- 
mens to my otlico wi^Jh the statement that they were common and doing much dam- 
age all over the northwestern portion of Kentucky. It was alsS reported from various 
parts of Delaware and of Ohio about the same time. Somew'hat later it appeared in 
Iowa, and I quote the following account of its advent at Fort Madison; from a letter 
from Dr. A. W. HoHmeister: 

‘‘The Army Worm was very troublesome in some localities near Fort Madison. 
About the tlrst of June immense numbers of caterpillars, one-half inch long, were ob- 
served in low grounds, subject to overflow or standing ^vater. Their eating created a 
' noise which could be heard at a distance as a dull grating or sawing sound. About the 
they bored into tlie ground and pupated, and in about two weeks after appeared 
as moths. I had caught the Leucania unipuneta in the fall of 1875 and spriug of 1876 
in great numbers by the process of sugaring, looking at both seasons very fresh ; and 
therefore it is a riddle to me whether there is another brood or whether some pupm 
remaiii^ormant till fall or next spriug. All my pu])ie hatched, but I did not see. the 
moths cohabit, nor did I find young or new larvie during the summer. This fall the 
moths are less numerous than last fall.” 

During the latter part of July and August it attracted attention in New York, and 
by the middle of the latter month was.swarming on Long Island. In September and 
October it was extensively reported in New England, whore it did much injury to 
•Hungarian grass and to oats. Mr. 13. P. Mann, of Cambridge, Mass., who took the 
moth at sugar as late as October 27, sends mo the following extracts, wdiich will show 
the time of year and the uiiinbors in which they appeared iu diflerent parts of New 
England: 

Army Worms are very destructive tb vegetation around Machias [Maine]. 'JL’Iiero 
has been nothing like them |inco 1801. * * * /Phe Army Worms have appeared in 
large numbers at Colchester [Conn.], and are doing much damage to the crops.” — [Bos- 
ton Daily Advertiser, August 10 and 11, 1875. 

‘‘The Army Worm appeared in immense numbers on Sunday at Sussex, on the 
government railway line, east of St. .John [N. 13.], and since that time the ravages 
have created wide-spread alarm. Fields of grain have been destroyed. Horse rollers 
run over the road where they crossed did not perceptibly lesson their numbers. A 
dispatch from St. Andrews says, the Army Worm invaded that town yesterday, cov- 
ering the streets, fields, and lanes in every direction, and devouring the grass and 
grain iu spite of every opposition. They are still advancing.”— [/6td., August 12, 
1875. 

“A worm has been discovered in Hollister [Mass.] in such large quantities a.s to 
lead to the snpiiosition that it may be the Army Worm again. The army has invaded 
Delham. They have devastated an acre of Hungarian owned by Mr. Greenwood Fuller, 
a large field of grass for Mr. Luther Fisher ; also for Mr. L. 13aker.”— [7&if7., August 16; 
1875. 

“The south shore [of Mass.] iu the vicinity of 131ack Rock has of late been visited 
with an innumerable host of moths, commonly calh^d millers. They took possession 
of rooms, which were accessible by the windows being left open, in such numbers 
that it was the work of days to rid the rooms of their iiresence. Their origin is a 
mystery ; but they entered rooms facing north in such flocks that it is a tlieory that 
they came in from the sea. In one snyillroom 800 were killed.” — [IMd., Septemlier 3, 
1875. 

The most noticeable feature connected with the appearance of the worm iu our own 
State was its harnilessness, or non-appearance in the western or locust-stricken portion. 
Most of these counties are largo stock-raising counties, and abound in rich prairie and 
gqpd meadows. Under ordinary circiimst.ances, the worms would have iloiirished there , 
but iJist spring, though I have records of thoir aiipearance, the locusts cither destroyed 
them or caused them to starve before they acquired full growth. Tbo following list 
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of counties in wbich no Army Worms were noticed or in wLich they were soon killed 
out, is made up from rcx»ort8 from my correspondents, and very forcibly illustrates 
the feature referred to: Andrew, Barton, Benton, Buchanan, Bates, Barry, Caldwell,* 
Clay, Clinton, Cass, Cedar, Daviess, Dado, Dunklin, Grundy, Gentry, Henry, Harri- 
son, Hickory, Holt, Jackson, Johnson, Jasper, Lafayette, Linn, Marion, McDoiicald, 
Macon, Newton, Oregon, Pulaski, Pettis, Putnam, Ray, Sullivan, Scotland, Saint Clair, 
Texas, Taney, and Vernon. 

In nearly all of the counties not mentioned I have records of its appear.ance, and 
often in such iiuiuhers that whole lields and meadows wore cut down. 

1876. — The only reports for this year come from Saline and Chase 
Counties, Kansas, and the time of the reports (August) renders it prob- 
able that Laphygina not Lcucania was the author of the damage. 

In 1877 and 1878 we have uoreports whatever of damage by the worms. 

1879. — In the Jattcr part of May the worms appeared in very injuri- 
ous numbers in the grass fields of Norfolk, Princess Anne, Nansemond, 
and Isle of Wigh t Counties, Virginia, and a little later near Point Ix)ok- 
out, in Saint Mary’s County, Maryland, in wheat. In July the worms 
were reported from lleno County, Kansas. 

1880. — -This year proved to be one of great damage to the Northwest- 
ern States. As early as February the worms were reported as being* 
very injurious to winter wheat near Maryville, Blount County, Ten- 
nessee, and in Union County, South Carolina. About the 1st of June 
they wcKe reported from Maryland, and soon after in Kent County, 
Delaware. Here, after destroying the wheat, they attacked the young 
corn, eating it to the groiiiul. 

Simultaneously with their iippearaiice in Delaware, they were found 
on Long Island, New York, and in Monmouth County, New Jersey, creat- 
ing great alarm, and doing much damage to the crops. The New York 
dailies contained column after column of information regarding the 
spread of the worms, and the injury done by them, much of it of course 
of a highly sensational character and totally unworthy of credence. In 
early Juno they api)eared in the coast counties of Connecticut, and 
later in Massachusetts, appearing in Portsmouth, N. H., July 3. In 
various parts of Maine they were found during July, and August 12 
appeared lu destructive numbers in the vicinity of Halifax, Nova Scotia. 
Meantime, in June, they were found in the southern and eastern coun- 
ties of New York, on Staten Island, all throiigli New Jersey and East- 
ern Pennsylvania. Later there were isolated ai)pearances of tlic second 
brood west. August 19, the worms did some damage in the vicinity of 
Indianapolis, Ind., and about the same time in Whiteside County, Illi- 
nois. In late July the second brood also injured the grass in Shenan- 
doah County, Virginia. 

Taken altogether, 1880 seems to have been equal to 1875 as an Army 
Worm year, aud the two to have been second only to 1861. 

1881. — ^This year the worms were reported from various parts of New 
York, Indiana, Illinois, Michigan, Wisconsin, and Iowa. In Ihc^fiist- 
named State, however, the injurious worms proved to be the Bronzy Cut- 
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worm {NepJielodes violans .and a smaller Pyralid larva (Cramhus 
vulgivagcllus) both of which arc treated of in the Iteport of the Ento- 
mologist of the Department of Agriculture for 18S1-\S2. In Wisconsin 
all the reports investigated proved nnauthentic and referred eitlior to 
the White Grub (larva of Lachnosterna fiisca) or to the (h)rn Worm {lie- 
liothis armigera). Many of the newspaper reports from Michigan were 
also unreliable, though Prof. A. J. Cook assures us that the genuine 
Armj' Worm was destructive in several localities in tliat State. lie 
says in a private letter : 

Tlie deviistatious were confined to the soiitliwosterii part of tlio State. Tlie coun- 
ties diiinaged were, in order of seriousness of the attack, Saint Kalamazoo, 

Van Buren, Allegan, Rerrien. The damage to the oat cro]) was very great in some 
sections, amounting to almost a total loss. Corn was also attacked, and con- 
sidcrahlo damage done to this crop. The most d.'imago was done during the second 
and tlrird weeks of July. The seasons were the reverse of tlie rule generally adopted 
by this insect; 18S0 was a very wet year in' Michigan. Last year was very dry. It 
was assorted lliat there was a second invasion in Sopteinher. Thongli this was re- 
ported in several localities in the same region that was invaded in .July, 1 have no 
positive knowledge that the insect noticed in Rt'plembcr was the tnie Army Worm. 

Ill Iowa oue account at least plainly shows that the worm indurated 
by this name was the Tout Caterpillar of the for(^st (GHsiocampa ailva- 
tic((). In Illinois and Indiana, however, there was no mistake, ami the 
damage done in these two States, chielly to oats, though partly to corn, 
grass, and flux, was very great. The contiguous border counties of 
the two States sulfered most severel3\ 

CHARACTERS ; DESCRJPTl V E. 

This division of the subject is intended to be purely descriptive, and 
to contain no material whatever upon habits. The necessity of inelud- 
iiig such deseri])tions in this cliapter is clearly evident, for in 1881 other 
destructive worms, some of them allied to and others bearing not even 
family relation to the Army Worm, Avere mistaken for it.^^ The minut- 
est details as to the characters of the worm in its earlier stages are in 
fact necessary tofirevont such confusion, since without them it is almost> 
impossible at such early ago to distinguish betAvccn. related species that 
may closely’ resemble eacli other and yet have very different habits. 
The portions here placed Avithiii quotation marks arc taken from the 
Eighth Missouri Entomological licport, with a few verbal or typo- 
graphical changes. 

THE EG(J^ (PI. I, Fi-. 3, g, h.) 

The egg of the Array Worm is spherical, smooth, white, and opgque when first laid, 
hecoiiiiug faintly iridescent and more sordid before hatching. Its Jiveiage fliameter 
is 0.0““* (.023 inch), and its perfect outline is sometimes altered by the gummy sub- 
stance which is exuded by the moth at the time of ovipositing. 


**See American Naturalist, July, 188.1. 
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TUE LARVA. (PI, I, Fig, 5.) 

First stages , — When newly liatcluMl, long, dull IrniiBlncciit white in color, »< 

with very minute ])ilifcrou8 points giving rise to pale hairs. Head large and uni- 
forinly*browii-l)liick. Two front pair of prolegs atrophied so as to necessitate looping 
in motion. Drops by means of a web. In the second stage it is quite active, still 
loops, and spins a web, and drops at least disturbance. Head cojial yellow, wdth six 
black ocelli (the two inferior somewhat separated from the others), the brown jaws 
and brown marks on the legs conspicuous. Color of body yellowish-green, darker 
anteriorly, the venter being quite pale. The lines of mature larva barely indicated 
in faint rose-brown, the most conspicuous being the broad stigmatal, a narrower one 
above it, and two which are medio- dorsal. In the better marked specimens, the body 
above the pale substigmatal line consists of 8 dark and 7 pale, lines, the middle pale 
linemedio-dorsal, the second dark one from it most faint and most often obsolete, and 
the lower or stigmatal one broadest and most conspicuous. Black piliferous dots dis- 
tinct and normally arranged, i. e, : on the middle joints 4 trapczoidully on dorsum; 2 
ill stigmatal dark line, one just above, the other just behind stigmata; one iit lower 
edge of i>ale substigmatal line near the middle of the joint, and several th.*it are ven- 
tral : the dorsal ones on joints 1 and 12 forming a reversed trapezoid to those on mid- 
dle joints ; on jt. 11 a square, and on jts. 2 and 3 a transverse line. In the third stage 
there is little change. The head has still a copal yellow aspect, being pale, with faint 
yellowish-brown mottlings; the ocelli still conspicuous. The hody is more decidedly 
striped, the dark stigmatal ami pale substigmatal lines more strongly relieved, and 
all the- lines aiiproach more to those of final stage, Tho]uih5 hairs from piliferous dots 
are still quite noticeable, especially before and behind, ami the dots themselves are 
generally relieved by a iiale basal annulus. The looping habit is lost, but the front 
prolegs arc still soniew'liat the snuillest. It now curls round, and does not spin in 
droiqdng. In the fourth stage the aspect is <iuite clmngod, the general color being 
dull, dark green. Tlic head has the mottlings of a deepeu* brown ami thi> character- 
istic brown lines appear. The second pal© line (from above) is obsolete, and the other 
five are narrowed, pure -white, and sharply relieved by dark shades. The prolegs Jiro 
of nearly equal size; the cervical shield better deliiied: in short, except in the lighter 
substigmatal stripe ami more greenish color, the characters of tlie more normal, ma- 
ture larva obtain. In tlie^/f/< and sixth stages tlio cliangcs are mainly in the increasing 
prevalence of the brown ami fiirruginous coloi’s, ami the greater relief and intensity 
of the black, especially above tlio upper white lateral line. The front proli'gs in the 
last stage are, if anything, longer than the liind ones. I reproduce liorewitli, with a 
few additions, my original description of tlic 

I'uU-groivn larva , — ** General color dingy black, aiipearing finely mottled and speckled 
niideralcns, with the piliferous spots i>laccd in the normal position, but ^carcely visi- 
•ble, though the soft hairs arising from them are easily seen w’ith the lens. Four 
lateral light lines, of almost equal thickness, at about equal distance from each other, 
tile upi)erinost two w hite, the lowermost two yellow ; a much less distinct mediodorsal 
white Hue, frequently obsolete in middle of joints, and alw ays most distinct at the 
divisions; a jet-black lino immediately above the upper lateral white one, the dorsum 
near it thickly mottled with dull yellow', hut becoming darker as it approaches the 
fine dorsal white lino, along oacli side of which it is perfectly black. Space between 
lateral light lines 1 and 2, from above, dull yellow or reddish, the white lines being 
relieved by a darker edge ; that bctw-eoii lines 2 and 3 almost black, being but slightly 
mottled along the fiddle; that hctwoeii 3 ami 4 yellow’^, mottled with pink brown, 
and appearing liglitcr than that lietwecii 1 and 2. Venter greenish-glaucous, mottled 
and speckled w ith neutral color, especially near the edge of the 4th lateral lino. liCgs 
glossy ami of same color as venter; those on thoracic joints with black claw's; those 
on abdomen with a large, shiny, black spot on the outside. Stigmata oval, blaqk, And 
placed in the 3d lateral light line. Head highly polished, pale grayish-yellow, speckled 
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Avitb coiifliioiit fuscous clots ; marked longitudinally by two dark linos that connnonce 
at tlic coruors of tbo nioutb, approach each otbcsr towards tlfb center, and again recede 
•behind; on each side arc four minute, polished, black eyelets, ])lacod on a light, cres- 
cent-shaped ridge, and from each side of this light ri<lge a dark mark e?ctcnds moi*o 
or less among the coiilliient spots above. Cervical shield polished and mottled like 
the head, with the white medio-dorsal and uiipcn* lateral lines running conspicuously 
through it. Anal plate obsolete.” Length, inches 

‘‘These descriptions apply to the average specimens, but there is considerable varia- 
tion iu all stages.” 

THE PUPA. (PI. I, Fig. 4.) 

The pupa is of a shiny mahogany-brown color, with two stift*, converging, black 
thorns at its anal eml, and, each side of the thorns, two fine curled hooks. It is fnnii 
IQmm 20 (f of uu incli) in length, and is rather stout ; in other respects not dif- 
fering decidedly from allied siiecies. 

THE MOTH. (PI. T, Fig. 1, a.) 

The parent moth is variable iji size, the average individual measuring about 40^"™ 
(an inch .and .a h.al0 in wing expanse. The front wings are jiointed .at the tips, and 
are of a reddish gray or fawn color, much 8i)ecked witli black atoms. Anterior of 
the center of each wing are two rather large, indistinct s]>ots, distinguished from tho 
rest of the wing by an .absence of black specks, and by a clearer reddish coloring. 
Immediately posterior to the onttTinost of these sj^ots is a white point iudistictly snr- 
rouinled by bl.ackish. A series of black imints p.arallel with the outer margin; one 
on each vein is usually perceptible. An oblique bl.ack stre.ak starts from this lino of 
dot.s, and ascends to the apex of the wing, and, with the form of the wings, i)rinci- 
I).ally clijiractcrizes the species. Just inside the fringe is a serious of black dots, one 
between each two veins. The hind wings .are translmjcnt, gray, Avith tlie terminal 
border .and tlie nervurcs blackish (in the front wings tho nerviires are whitish). Tho 
sexes differ from each other but little. 

The under side of the wings is of an opalescent yellowish white. Along tho outer 
margin, particularly of the hind wings, are many black specks, so nearly coiilluent .as 
to forni a delinitely limited dusky termin.al band. On the costal margin of each foro- 
Aviiig, near the tip, is a small, distinct, black d«)l, and at tho center of e.aeh hind-wing 
is a similar dot. The body is concolorous wdlli the wdngs, and the legs are light gray, 
slightly tingcjl with reddish, and siiecklcd Avitli black dots. 

SEXUAL DIFFERENCES. 

tlirowing light on the mode of ovi position the sexual charac- 
teristics fliterest us. The sexes at first glance are not easily distin- 
guished. There are no colorational difierences, nor does tlie abdomen 
of tlie one sex differ materially in size or form from that of the other. 
Yet a careful examination with an ordinary lens will enable one to sep- 
arate them with sufficient certainty by the smoother antennai (Plate 1, 
Fig.l, e) and more pointed abdomen (Fig. 1, of the female, compared to 
tlie more hairy or ciliate anteiinm (Fig. 1, d) and blunter abdomen of the 
male (Fig. 1, a). The antennm oT the female will generally be found quite 
naked toward the base, while those of the male show two rows of stiff 
hairs, about half as long as the antennal width. In both sexes the tip 
of the abdomen is covered with a brush of long, pale liairs, and the mo- 
inent these are brushed away the sex is at once easily ascertained. 
Suppose now avo pick out a male for examination! A little friction 
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'with a stiff camers-hair brush 'will soon denude the tip of the abdomen 
without injuring the horny parts, when we shall notice two rounded, 
brown, horny lobes or clasps extending somewhat beyond the ultimate 
joint (Plate 1, Fig. 2, A), the lobes some distance apart below, but con- 
verging until they touch above. A careful removal of the chitiiious ex- 
terior of the two terminal joints will further reveal to us that these 
lobes are but parts of a somewhat complicated arrangement, admirably 
adapted for seizing the female, and consisting chiefly of the two lobes 
referred to, of two smaller, inferior lobes, and of two intermediate organs 
starting from a knotty base, the ux)per one curved and ending in a sort 
of beak, the lower one more straight and ending in a small cushion of 
contracted membrane above. 

‘‘A still more careful examination will show that the ii^pcr valves 
(Fig. 2, c) have a rather long and gradually narrowing stem, and that 
they broaden irregularly, the hind border obliquing beneath and tlie 
lower border more strongly curved than the nipper; all the bor<lors 
are thickened, the outer surface is polished and dark brown, and the 
inner surface is clothed with stiff*, pale, decumbent hairs, replaced to- 
ward the i)osterior portion with brown, rctrorse spines (Fig. 2, h). The 
lower valves (Fig. 2, d) have a shorter stem and arc more regularly 
rounded: each is composed of tw'o corneous layers, soldered and some- 
what thickened at the borders; the outer piece easily fractured and 
detached, pale, and covered si)arsely with very minute spines; the in- 
ner one more solid, darker, and covered with a dense brush of long, 
pale hairs. The ui)pcr intermediate curved organ reminds one, from 
the side, of a s^^'all’s neck and head (Fig. 2, e); it is yellowish and cylin- 
drical, dilated and enkirged toward the end, and terminates in a nar- 
rower, darker beak ; the sides of the dilatation behind are curled up ( Fig. 
2, g) and furnished with long, yellowish hairs behind, and the beak w ith 
a brush of shorter hairs. The lower organ, or penis (Fig. 2,/), is broader, 
comx>osed of membranq supported by tw o principal ribs — the upper one 
curved, the lower nearly straight — and cuds in a sponge-like, superior 
swelling, which in life may be considerably extended in the form of a 
tube. Both those intermediate organs play on a strong horny arch, 
'which is generally retracted, but which can be ratsed and exserted and 
considerably dilated as in Fig. 2, 

*‘lf we now take a female, and denude the tip of her abdomen in the 
same way, wo shall immediately find ai quite different and far more 
simxde structure, namely, a thin, vertical, blade-like valve, more or less 
l)roduced or elongated on the ux)x)er portion, of a brown color, but wdth 
a broad, slightly thickened, i)aler border. This valve x^l^^ys into two 
retractile subjoin ts of the body, and maybe hidden within the terminal 
joint iiroper, so as to show only the ux>pcr tip, or extended as in the 

■* A careful examination of the genital organs of thirteen efs of this Rpecios shows very conaidoralle 
variation in the contour ninl relative size of all these (liiTercnt parts—so much so as to convinC':) me, 
'When luhlefl to itiy limited exaiiiinniions of the same parte in other speciee, that nice diffcreucee in 
these parte alone are of no specific value. 
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figure (Plate 1, Fig. 3, a). It is in realit}^ composed of two tliin layers, 
closely appressed except at tlie upper or dorsal portioij.-.iear the base, 
where it swells into a somewhat angular ridge ou^Ide and is hollow 
within. A more careful examination will show that' tlie upper portion 
is irregularly and obliquely striate (Fig. 3, d), th^^t-itriations representing 
folds of the membrane, to facilitate expaiisioiv, and that the liind bor- 
der 18 garnished with fine hairs, which easily' rub off and leave the edge 
quite sharp, so that the two layers form a blade which is admirably 
adapted to pressing in between narrow passages, or even to splitting 
frail and hollow stalks. In life this ovipositor plays on the two sub- 
joints, which may be greatly extended, and when so extended forms a 
somewhat cylindrical and telescopic tube, which is rendered very firm 
by a scries of stout muscles within (Fig. 3, b). The valve opens from 
toi) to bottom, and may be very considerably distended, so as to make 
way for the oviduct, which is a quite complicated structure.” 

HABITS AND NATURAL HISTORY. 

It was not until 1855 that the first step towards ascertaining defi- 
nitely the life-history. of the Army Worm was liiade, althougli, as we 
have already shown, it had been destructive at intervals for more than 
a hundred years before. In this year John Kirkpatrick retired the per- 
fect moth from tlie destructive worm, and described both jiupa and 
adult in the Ohio Agricultural Ileport for the same year. Our more 
extended knowledge of the subject dates, however, from tlie great 
Army Worm year of 1801. In this year WaJsli, Kirk]>atrick, TJiomas, 
and Klippart at the West, and Fitch and Packard at the East, all im-* 
proved their opportunities for studying the worm. To Walsh we are 
particularly indebted for a study of its parasites, though his views of 
its natural history have proved singularly unfortunate. To Fitch is 
due the credit of the correct scientific naming and the discovery of the 
synonymy. Kirkpatrick first described the most imiiortant of all the 
parasites — Kemorcca leucanice — and, in the light of later developments, 
he was remarkably correct in his ideas as to the number of broods and 
method of hibernation. 

Yet up to 187G no definite knowledge, based on observation and ex- 
periment, existed on some of the most important points in the natural 
history of the species. The eggs and the mode and place of ovipositiou 
were unknown ; the question of liibernation and of the number of an- 
nual generations was still as open to discussion as when so warmly de- 
bated by Walsh and others, and many minor matters remained unset- 
tled. Since 1870 we have been Uble to replace our uncertainty in these 
directions by positive knowledge, so that there are no questions having 
any important practical bearing that are now mooted in respect of thi& 
insect. 

Concerning the Egg, 

When and where the eggs are laid. — The favorite place io 
which the Army Worm moth consigns her eggs, in wild or cultivated 
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grass or in grain, is along tlie inner base of the terminal blades where 
they are yet doubled, or between the stfilk and its surrounding sheath. 
They are by no means strictly confined to these situations, as is shown 
by the fact that we have known the moths in breeding cages to oviposit 
in crevices on the side of sward which had been cut with a knife, or 
even between the roots. In our first observations, which were made 
on low Blue Grass, the eggs were almost invariably found in the fold at 
the base and junction of the terminal leaf with the stalk ; but later they 
were found thrust down between the sheath and the stalk, and occa- 
sionally in tlie natural curl of a green leaf or the unnatural curl at the* 
sides of a Avithered leaf. The rankest tufts of grass, caused in iiastures 
by the droppings of cattle and sheep, are preferred by the moth for 
ovipositiou, and, in these tufts, the oldest and toughest stalks; and in 
grain-fields also the ranker growth, caused by an accumulation of ma- 
nure at some one spot or the previous existence of some fodder-heap or 
the like, is preferably chosen. 

The observations of the ])rcsent spring have satisfactorily proven 
that early in the season the moths oviposit by preferejice in the cut 
straw of old stacks, in hayricks, and even in old fodder-stacks of com 
stalks. Old bits of corn stalk u]>on the surface of the ground in past- 
ures have been repeatedly found, both in the vicinity of Washington 
and in Northern Alabama, with hundreds of eggs thrust under the outer 
sheath or ei)ideriuis, while the last year’s stalks of grass in the ficilds 
around Washington have been found to contain these eggs in similar 
positions. The evidence collected in 1875, and published in our Eighth 
Missouri Ileport, seemed to show’ that where fodder stacks existed in 
grain fields the worms originated from them or from their near vicinity, 
and the observations just mentioned prove the correctness of the infer- 
ence then made. 

Tt has, hoAvever, been proven by this spring’s observations that, lack- 
ing both stubble and fodder-stacks, the moth can and does oviposit in 
the spring in young w inter grain. Mr. A. Koebele found in March, in the 
A’icinity of Savannah, Ga., newly -hatched larva^, in the center of an oat 
field, the grain being one foot or more in height, and no straw stack in 
the vicinity. 

As stated in the American Entomologist (III, p. 314), the moth will 
nlso, wlien exceptionally numerous, lay her eggs without concealment, 
and upon plants, such as clover, Avhich the larva does not relish. As 
an instance of this, wo stated in a foot-note that we had recently received 
from Professor Lintner, State Entomologist of New Yorkj what were 
apparently the pressed eggs and egg Shells of this moth, thickly cover- 
ing clover leaves and mixed with an abundance of white gummy mat- 
ter, with which the moth usually secretes them, all indicating that the 
moths had in this instance (doubtless from excessive numbers) oviposited 
abnormally. . ^ • 
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llemainiiig concealed during* the day, unless disturbed, or except in 
cloudy wcjithcr, the moth begins to lly at the api)roacli of night, and, 
so far as observations have indicated, is engaged in ovipositing most 
actively during tJie earlier part of the night. It was at live or six in 
the afternoon when the lirst moth in 1876 was discovered in the act of 
egg-laying, but they have since been found at work most often in the 
early night-hours. The time of year when the eggs are laid will be dis- 
cussed under the head of “Number of Annual Generations.” 

31ode of oviPOSiTiON. — We have already dese.ribed tlie compressed, 
horny ovipositor of the female, which idays with great ease upon the two 
telescopic sub-joints of the abdomen. This organ, in the act of ovi])osi- 
tion, is thrust in between the folded sides of the grass blade, and the eggs 
are glued along the blade in rows of from tifteen to twenty, and covered 
with a white, glistening, adhesive fluid, which not only fastens them 
together, but draws the sides of the grass blade close around them, so 
that nothing but a narrow, glistening streak is visible. This attempt at 
concealment is always made where the eggs are d(‘posited in the leaf; 
but where tiny are thrust down between tlie sheath ainl the stalk, or 
otherwise naturally concealed, the gummy fluid is ofUm vt'.ry sparsely 
used, and sometimes not at all. 

We have stated the number of eggs in a string at from fifteen to 
twenty, and this we believe to be about the normal number; but we 
have known as few as two or three to be deposited in conlinement, and 
large batches of nearly a hundred eggs, in from three to eight rows, have 
been tbuiid in bits of corn stalk. 

We liave elsewhere expressed the opinion that the grass blades may 
possibly be clasped by the opening hind border of the ovipositor, so as 
to give the insec.t a firmer hold and close the leaf more firmly on the eggs, 
but more recent actual observation, in the field, of the movements of the 
moth during oviposition would indicate that this opinion is not well 
founded. She walks or flies around in the grass, alighting every few 
moments, until she finds a place that siitisfies her. Sluj then clasps the 
blade, her hea<l almost invariably upward, or in the same direction with 
the blade. The front pair of legs clasp the blade, forward, thii middle 
pair about the middle of the abdomen, and the hind pair about th^tip 
of the abdomen, the wings being partly open meanwhile. The leaf is 
thus folded by the middle and hind legs, while the abdomen bends, and 
the ovipositor is thrust in as already described. She is thus engaged 
from one to three or four minutes at a given spot, according to the 
number of eggs laid, and then flics a short distance, and iii a- few 
minutes lays another batch. As we have known 80 eggs to be laid in 
two minutes, it would not require many hours to empty the ovaries, and 
a given female jirobabl}" lays all her stock of eggs in one or two nights, 
though the time will vary with temperature and other conditions. AVe 
known the moth to be so fixedly engaged in siqiplying a iiiece of 
old stubble with her eggs that slie was unable to disengage herself when 
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first disturbed, and she was always so intent upon tbe operation as to 
render observation with a << bull’s eye” sufficiently easy. 

Prolificacy. — It is evident, when we consider the immense num- 
bers in which the Army Worm often occurs, and when we also consider 
the number and importance of its natural enemies, that the moth must 
be quite prolific. The only recorded statement, however, is that in the 
Eighth Missouri Eeport, page 34, where the number of eggs indicated 
by a single dissection is stated to be upwards of 200. Tliat this dissec- 
tion, however, must have been made too early or too late is shown by 
the fact that two dissections, made the present spring, showed 737 eggs 
in the ovaries of one female, and 562 in those of another. 

Duration of the egg state. — Observations made in Missouri, in 
1876, indicate that the worms hatch from the eighth to the tenth day 
after the eggs are deposited ; while others, more recently made in Wasli- 
ington, make the average duration of the egg in the month of May just 
one week. 

Habits and Peculiarities of the Worm?^ 

Hauits when young.— When the eggs have been laid in a green 
grass blade, the larvae, on hatching, feed for a time in the fold of the 
leaf. Where they hatclr in stubble or old stalks, they remain sheltered 
therein for three or four days, issuing at night to feed, but going back 
for shelter. The newly hatched worms were also found by Mr. Howard 
under the frayed bark of the cedar posts around a wheat field at llniits- 
ville, Ala., in such numbers and at such an early age as to indicate that 
they had hatched there. At this stage they are whitish in color, walk 
like loopers, in consequence of the atrophied, or rather non devoloped 
first and second pairs of prolegs, and drop suspended by silken threads, 
or curl up, when disturbed. As has been so often said, during the early 


'will be iDtorostini; and important in this connection to translate Guon^e's generalizations on the 
lArvtb of this genus, as they may servo to help ns to a more acenrate judgment concerning one or two 
points in the life history of unipuncta: 

*' The larvae of Loucania are all closely related in appearance, and even the most expert entomobgistis 
often deceived by them. No European species, to my knowlodgo, is of a green color; all have a white 
dorsal stripe, and are of a camcous or brownish gray, with tno ordinary lines well coiitiiiiiod, and well 
marked, and boiwoou the linos a nuinbor of other lines or snponiuiiiorary bands, often resulting from 
a massing together of brown or reddish atoms. These usually constitute all the markings, but often 
the sub'dorsnm la fllled with black marks, which are not continued upon tho rest of the sogiueut. The 
stigmata arc often wholly black or brown. Tboso larva» live exclusively upon tbe Grumineib, and are 
to bo found ujion tlioso wliich grow with their roots almost in the water, as well ns upon those growing 
only upon the driest hillocks. Those which form thick tufts afford a natural shade, in the midst of 
which the caterpillars pass their lives, climbing to the extremity of the loaves only in the evening or 
even at night. Those which live on grasses with sparse leaves, by which thoy are not suHiciently 
shaded, hide themselves under brush or diy leaves a little distance away. Finally, some of them, 
which oat the leaves of aquatic grasses, hide thcraselvos within the stalks tbe tops of which have been 
cut off by the hand of man or broken off accidoii tally. Thoy bury thcnisolvos until stopped by a node, 
and their excrement, which partly fills these tubes, bears witness to tho fact that thoy only leave their 
dw'clliug to take their food. This retreat, if it is not guarded from the punctures of Ichneumons, at 
least completely shelters them from tho attacks of birds ; but this is not its only use, for thoy utilize it 
still more when they reach the time for mctaniorpliosis. They do not bury themselvos in the earth, 
like their congeners, but irontuiit themselves with spinning, below and above them, two little pa; ' ilions 
mixed with frass. The Leucauias which are ready for pupation in the latter part of the season pass 
through the winter in tho larva state, and only undergo the metamorphosis in tho spring.” 
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part of their lives the larvae are very similar in their habits to the many 
species of cut-worms, working upon the leaves of grass or grain during 
the night or in cloudy weather, and hiding during the bright sunshine. 
The fact cannot be too strongly insisted upon tliat the traveling of the 
worms in large carmios is abnormal. During nearly tlie wholti year, in 
regions subject to their incursions, the worms may be found iu grass- 
fields,- high or low (perhaps more often in the low lauds bordering 
marshes, as they are here less liable to disturbance), feeding in the nor- 
mal cut- worm manner. If their numbers be small, they may pass their 
entire lives in this manner, for it is only when so very abundant that 
the food of the vicinity is destroyed that the worms march in search 
of further supplies. Ordinarily one may pass daily through a grass 
plot where they abound, and never suspect their preseiujc until the plot 
begins suddenly to look bare in patches. Thomas, in his First Illinois 
licport, states that, although he was particularly looking for the worms 
during June, 1875, he never suspected their presence in a constantly 
frequented grass plot behind his house until it was made manifest in 
this way, by which time the worms had disappeared, the abundance of 
their excrement, however, showing well enough that they had been tlu'TC. 

From the fact that the marching is abnormal, it always happens that 
in marching years many farmers insist that the sedentary worms ravag- 
ing their fields are not the true Army Worms, but simply the “ ordinary 
cut-w^orms’’ which they have with them every year. 

Wlien young the worms mimic quite closely the plants upon which 
they feed, and this, with the habit of hiding as they do, by day, and 
dropping wiien disturbed, renders them very difficult of detection. The 
lighter color of the younger worms found thus concealed has given rise 
to the theory, put forth by Thomas and others, that the marching w orms 
belong to a distinct race of the species; but there is not a particle of 
reason iu such a theory, for the worms of themjirching bodies possessed 
the same light color originally, and indeed the variation is such that 
the same color frequently i)ersists with the full-grown w^orms, whether 
of tho inarching bodies or of the normal, hidden individuals. The deep 
color is largely the result of exposure, and whether the sedentary or 
marching habit predominates depends entirely ui)on circumstances. ^ 

Duration op worm lib's. — With so wide-spread an insect as the 
Army Worm it is impossible to make any general statement concerning 
the duration of any one stage wdiich will hold good. In Saint Louis, iu 
the vivarium, at an average temperature of 80^ P., w’:e found that cer- 
tain of the worms passed through their five molts at intervals of three 
days, making the entire length 6f the larval life fifteen or sixteen days. 
The development, however, even of those hatching at the same time from 
the same brood of eggs, is quite irregular and may occupy several days 
longer. In northern Illinois Walsh gives the period at from four to 
fivft ^eeks,” while the shortest period of larval life that Thomas has ob- 
served is twenty-eight days. Individuals reared at the Department of 
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Agriculture indicate that in this latitude in late spring tlie period is 
from twenty to twenty -five days. Everything depends of course upon 
the temperature, the midsuniiner individuals passing through their 
changes much more rapidly than the spring and fall broods. As we shall 
show later, tlie Army Worm most often hibernates in the larval statCt 
consequently the larv«al life of the last brood frequently extends over a 
space of four months or even more. In addition to the iletails publisiied 
in our Eighth and Ninth Missouri Reports, the following observations re- 
corded this spring will illustrate the great variation referred to: 

Some eggs of the Army Worm moth which were deposited May 4^ 
1882, hatched May 11. The worms passed the first molt May 17, the 
second May 20, the third May 23, the fourth May 26, and the fifth May 
20. On Juno 2 some of the larvae had entered the ground, ami June 17 
eight moths issued. May 28, some moths, collected during the evening 
of the 27th, were placed in the vivarium with grass. J line 3 many young 
larvae had already hatched, and on June 20 some had entered the ground 
for pupation. 

Traveling habits, etc. — When the worms of a given locality are 
so numerous as to early exhaust their natural supply of food they be- 
gin to travel en masse to fresh fields. Their numbers at tliese times are 
often so enormous, and their voracity so great, that it is impossible for 
one who has not been an eye-witness of one of these invasions to ap- 
preciate it fully. To illustrate this point and also the habits of the 
worm, while on the march, we introduce the following quotations : 

Tlio Army- worm when traveling will scarcely turn aside for anything hut watcr^ 
and even shallow water-courses will not always check its progress; for tho advance 
columns will often coutinno to rush heaU-long into tho water until they have suffi- 
ciently choked it up with their dead and dying hodies, to enable the rear guard to 
cross safely over. I have noticed tliat after crossing a btare field or baro road where 
they were subjected to the siiifs rays, they would congregate in immense numbers 
under the first shade they reached. In one instance 1 recollect their collecting anil 
covering the ground five or six deep all along the shady side of a fence for about a 
mile, while scarcely one was seen to cross on tho sunny side of tho same fence.. 
Though they W'ill nibble at clover, they evidently do not relish it, and almost always 
pass it by iintoiiched. They will eat any of tho grasses, and are fond of oats, rye, 
sorghum, corn, and wheat, though they^seldom devour any other part but the succu- 
lent leaves. They often cut off the ears of wheat and oats and allow them to fall to- 
the ground, and they are perhaps led to i)erform this wanton trick by the sncculency 
of the stem immediately below the ear. South of latitude 40"' they generally appear 
before the wheat stalks get top hard, or early euungh to materially injure it; but uortlt 
of that line, wheat is generally too much ripened for their tastes, and is sonictinics eveu 
harvested before the fullgrown worms make their jidvent. 

I have lieard of tho Army-worm sometimes ^)assiiig through a wheatficld when the- 
wheat was nearly ripe, and doing good service by devouring all the chess and leaving 
untouched the wheat; hut the following item from Collinsville, 111., which appeared 
in the MUnouri JJenwcrafj contains still more startling facts, and would indicate that 
even a foe to tlie farmer as determined as this, may sometimes prove to be his friend. 

‘• Harvest ani> Crops. — Notwithstanding the unfavorable weather, many far»-ier8 
have commenced the wheat harvest. The yield in this immediate vicinity will he 
superabundant. Some fields were struck with rust a few days since, but the Army 
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Worm making its appoaranoo simultauconsly, stripped tlio straw ciitiroly ban^ of 
blades and saved the berry from injury. These disgiiHting pests have? saved thousands 
of dollars to farmers in this neighborhood. A few iitdds of corn and grass Inive l»een 
partially destroyed, but, by ditching around fields, the worm’s ravages have been eon- 
tined within comparatively narrow limits.*' (Riley, ‘.Jd Mo. Ent. Report, pp. r)4,r)r).) 

♦I'liey avoid the rays of the sun ; hence during the day they crawl unde*r stones and 
sticks, as closely as they can crowd themselves together, and under swaths of grass or 
grain, or oven into the ground, like tllio cut-worm. They rest in sneh places during 
the heat of the day, and come out towards sunset, to feed and continue forward in 
their mighty march. If they come to a fiehl of grass or grain that is young tand ten- 
der they devour the whole of it, down to the very roots; but' if it is grown up to* 
stalks, they eat the leaves only, and then usually crawl to the top of the stalk and 
cut off the head and drop it to the ground. In corn, too, they eat off all the leaves 
except the coarse k(Hil or mid vein. One writer noticed a worm to eat a square inch 
of corn leaf in thirty minutes. It is leaves which are green and juicy that they eat ; 
the dry leaves of ripened grain they do not feed upon. * * ^ They all keep to- 

gether like an army of soldiers, and usually advance in a particular directiou,in a 
straight line, not swerving from their course to avoid hills, hollows, buildings or any 
other obstacle. A stream of running water, even, does not cause them to defiect from 
their lino of march. We learn from Solon Robinson that, on coming to a brook they 
crowd into it, although very few of them chance to bo carried by its current to the 
opposite side. Millions of them are drowned, their dead bodies clogging and dam- 
ming up the stream in places below, producing by their decay a stench in the atmos- 
phere of the whole vicinity which is moat noisome and intolerable. In their march 
they travel faster at some times than others, advancing at the rate of from two to- 
six rods in an hour. Thus instances have occurred in which an army of these worms, 
two or three miles wide, have advanced six or seven miles, It^iving the track behind 
them as desolate as though lire bad swept over it. (Fitch, pp. VI, ])p. 117, 118.) 

They usually coniiucnce marching when about half or two-thirds grown ; and so far as 
I have observed, those leaving one field all m:irch in the same direction, but not always, 
as is supposed by some, with unfailing oerta in tj', toward another field in which there 
is proper food, for in the case hereafter mentioned, where, in 1875, they left a meadow 
near our town, the movement was directly to^vard town — no field with any suitable 
food being nearer than a mile in that direction. Nor is it true that they always re- 
main in one place so long as sufiicient food is to be found there, for in more than one 
instance I have known them to leave a field abundantly siijiplied wiili suitable food 
and march into others. In one instance, where they attacked a field of oats and pene- 
trated it a short distance, mowing it as they proceeded, they suddenly ([uit it. There 
docs not appear to bo any uniformity in the direction the different arinies, or armies 
from different fields, take. In 1875, the army from one field was moving directly south, 
while that from aiiotln*r moved directly east. While marching, they move with rapid 
motions and apparently with an uneasy feeling, especially if the sun is shining. The 
following statement, from the Vrairie Fm'iiur oi’ July 4, l-Stil, is probably not over- 
drawn ; 

“An army of them w’as observed to travel 00 yards in two hours, in an effort to get 
around a ditch. They began to travel from the infested districts bet ween two and 
three o'clock, p. m.; toward sundown the tide of travel was retrograde. They <lid 
not travel at night; they feed chiefiy by night and in the forenoon. As to their iinm- 
ber, they have been scon moving from one field to another, three tiers deep; a ditcli lias 
been filled w'ith them to the depth of three inches in half an hour,** (Tliomus’s Fifth 
Illinois Report, p. 16.) 

Tlie Army Worm is an epicim) and therefore nnliko the grasshopper and locnst. 
Wlicn^n moderate numbers they are more choice in the selection of their food than 
they can bo where the fields are overrun by their hordes, then they select tlio tender- - 
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•est blades of some favorite grass or grain, leaving ike midrib of the loaf untouched, 
but when, in the ‘^struggle for life,” each has to do the best it can for subsistence ; 
nearly all grasses or grains come alike welcome, and all but the hard stems are de- 
voured. In the oat held all the blades are eattni and the caterpillar ascends the stalk 
to the very top, and finishes by biting olT nearly all the grains and letting them fall 
to the ground. As they do not eat the grain this may bo looked upon as wanton de- 
struction. We learn that in wheat or other grain fields^ they often cut oil' the ears 
and let them fall to the ground. The only cause for this scorns to be that they eat a 
jiortion of the finer parts of the peduncle or stalk. If the grain is cut previous to the 
worm leaving the field, and left out to dry, the insects will still continue feeding on the 
•cut grain, and thousands may be found during the heat of the day, sheltered beneath 
the swath or bundles, so that it becomes necessary to remove the grain as soon as pos- 
sible after cutting. The resting time of the Army Worm is during mid-day. Their 
feeding time, morning, evening and night, and at these times they also travel. When 
resting they are usually coiled ui) in circle or snake fashion. When traveling they 
move at a moderate pjice, avoiduig all steep places if possible, and preferring level 
land. They can climb well enough if the ground is firm or covered with herbage, but 
if loose and friable they lose their footing and fall b^k while endeavoring to climb 
4iny steep ridge. (Kirkpatrick, Ohio Agricultural Keport, 18G0, pp. 352,353.) 

lu regard to numbers, we may quote the following pass^ ^e from the 
Neio York Sun of Juue 11, 1880, coiiceriiiiig the damage done in Mon- 
mouth County, New Jersey, in 1880: 

A journey through a large part of Monmouth County revealed a singular state of 
■affairs. Trenches were seen extending for miles along the roads close to the edges of 
the fields ; but the crops, for the most part, w^cro 'withered and lifeless, and it was 
•evident that the precaution had been taken too late. Very often a long trench ran 
ncross a field of wheat, showing where a farmer had abandoned one portion of his crop 
and tried to save the remainder. Occasionally a field was seen intersected by nume- 
rous trenches, indicating that the proprietor had fought manfully against his per- 
secutors, and disputed the ground with them foot by foot. * In many places 

the road was literally covered with the worms, all in motion, and all moving towards 
the fields on either side. Thousands and tons of thousands were crushed beneath the 
'wagon wheels and under the horse’s feet; but the rest pressed on. And at intervals 
spots were passed where an imaginary line seemed to be drawn aero.ss the road beyond 
which the anny worm could not x>ass. For a certain space beyond, sometimes for as 
long a distance as two or throe miles, not only the roads but the adjoining country 
'ivms free from the iiest. Not a worm was to bo seen, until, the clear space x>assed, the 
wagon was again rolling over millions of them. 

We have spoken in one of these quotations of the rate of travel, a 
writer in the Frai ip^ Farmer stating that an army of the worms was 
observed to travel yards in two hours. This would bo at the rate 
of one foot and a Kalf per minute. To show that this is not overdrawn, 
it may be well to stato that individual worms have been timed when 
moving over a smooth surface under the impelling influence of a hot sun, 
und have been found to crawl at the rate of two feet and a half per 
minute. 

Time of appearance. — A few years ago a paragraph could have been 
written under this head with the utmost ease. Within the past two 
years, however, facts have been gathered which complicate matters con- 
siderably. During the winter of 1879-’80, worms were received ai the 
Department in March, February, and even January, from localities 
as far north as Tennessee and South Carolina, and noted as damaging 
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'Winter gmiH dtuing these months. The winter was nnnsnally mild and 
open and it was supposed that this fact accounted for the so-calledr un- 
usual appearances. It has recently been proved, however, beyond all 
peradventure, that, over a large portion of the country, the species hiber- 
nates in the larva state, and that in favorable seasons the hibernating 
brood may be injurious to crops. It is, however, usually the immediate 
descendants of these hibernating worms which compose the injurious 
brood. During the past winter (1882) young hibernating worms were 
found in Washington in January. The same brood was injurious to 
winter wheat in February in Alabama, and, in early March, to wheat 
and oats near Savannah, Ga., and Columbia, S. C. 

The injurious brood usually makes its appearance in Missouri and in 
Virginia in May; in Illinois, southern Ohio, Delaware, Kew Jersey, 
and Long Island, about the first of June. From the middle of June to 
the first of July it is tbund in Connecticut, Massachusetts, southern 
and central New York, Pennsylvania, northern Indiana, southeni 
Wi8const;';^nd Michigan. From the latter part of July to the middle 
of August it appears in northern New York and Now Hampshire, in 
Maine and southern Canada, New Brunswick and Nova Scotia. 

Instances are not wanting also in which the immediate descendants 
of this second brood have also constituted the injurious brood, and thus 
occasioned very late reports of first appearances,^^ although such cases 
are rare. Kirkpatrick, in his 1861 article (Ohio Agricultural Eeport, 
1860, p. 351), mentioned the fact that in Cuyahoga County (northern 
Ohio) the worms were that year not observed until the first of August, 
wh'ile less than eighty miles south, in Shelby County, the injurious broo^l 
pupated June 16. Another instance was recorded by L. O. Howard, 
in the New York Se^ni-Weekly Tribune^ August 6, 1880, in which the 
worms appeared “for the first time” in Scott County, Virginia (one of 
.the extreme southwest counties of the State), July 29, doing great 
damage to corn and German millet, while the previous year the injuri- 
ous brood pupated in Norfolk County about May 30. There , is much 
reason also for supposing that the brood just mentioned was the in- 
jurious brood in the Northeastern States in 1875 ; vide the following;, 
from our Eighth Missouri Eeport (1875) : 

There may, therefore, be a difference of over two months yeen the appearance 
of the worms in southern Missouri or Kentucky and in Maifii.^ Thus early in June 
of the present year, when 1 left home, they were mowing down the meadows and wheat 
fields in central Missouri and in southern Illinois, Ohio, Indiana, as well as in Kcn- 
tueky ; while upon arriving in New York two months later, they were marching 
throngh the oat fields of Long Island, and were reported very generally in the East- 
ern States. In Maine they appeared as late as Se ptember. 

This would make the injurious brood on Long Island in early August, 
while in 1880, it will be remembered, they were causing great alarm in 
the same locality daring the first week in June ; a pretty plain case. 
Thh^bjurions brood of late July, 1881, in lllinoiEr and Indiana, may also 
have been an example of the same fact. 

8 B O " 
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Sudden appearance and disappearance. — Among the manifes- 
tations in lower animal life, few are more astonishing than the sud- 
den occurrence of a species in vast numbers over large stretches of 
country, and its as sudden disappearance. In a few rare instances, 
as with the thirteen and seventeen year Cicadas, these manifestations 
are strictly periodical, and occur at regular intervals ; but in the great 
majority of instances they have no such periodicity. The numerous 
natural checks which surround every animal, added to the meteorologi- 
cal conditions which affect it in its struggle for existence, sufficiently 
explain these phenomena to the intelligent naturalist, though it is not 
always easy to point out facts in specific cases. Under the head of 
^Habits of the Worm^, I have already given the reasons why it escapes 
attention in its earlier stages and in seasons when it is not excessively 
abundant. ” Hidden at the base of tufts of rank grass and feeding only 
at night, it may live for generation after generation, while the unsus- 
pecting farmer little imagines that his dreaded enemy is so near. If 
there should come one or more seasons of drought, howeveiy^weather 
extremely favorable to the increase of the worms, — they begin to multiply 
prodigiously, large numbers hibernate, and in the ensuing spring multi- 
tudes of moths fly out over the country, each filled with her seven or 
eight hundred eggs with which to stock the surrounding pastures and 
grain fields. The young worms hatching from these eggs and feeding 
in their normal cut* worm manner still escape the eyes of the farmer; 

but when the bulk of them have passed through the last molt, or, in other 
words, are nearly full-grown, and have stripped the fields in which they 
were born, they are then obliged to migrate in bodies to new pastures. 
Thus assembled and exposed, they pass through grass and grain fields, de- 
vouring as they go; for they are now exceedingly voracious, and, like most 
Lepidopterous larva?, consume more during the last few days of worm-life 
than during all tlie rest of their existence. The farmer who is unfamiliar 
with their life-habits w onders where they come from so suddenly, and pre- 
sently, when they enter the earth to transform, ho wonders again where 
they go to. In these exposed numbers, also, the numerous natural ene- 
injesof the worms congregate about them and &o their murderous work 
far more clTeetively tliaii when they have to seek individuals hidden here 
and there in rankx JJj^tss; so that w e cease to w onder at the almost total 
annihilation of the species the year following its advent in such num- 
bers.” 

Dr. Fitch, in his sixth report, proposed a theory to account for these 
seemingly unaccountable aiipearances of the worms, which, first and last, 
has caused much discussion. In his own words it is stated as follows: 

The Bi)ring aud early saniiner of this year [1861] was ^actly the re verse of last year 
— unusually wet, and the water high in all our streams. Hereby the swamps have 
all been oyerflowed, and this insect has been drowned out of them. The moths or 
uiiUers on coming out of their chrysalides, found it was impossible for them to get to 
tho roots of the grass there, to deposit their eggs. They were obliged to forsake their 
usual haunts and scatter themselves out over the country, the incessant rains making 
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it sufficiently 'wet everywhere to suit their semi-aquatio habits. Thus going forth in 
companies, they alighted in particular spots, and there dropped their eggs; and the 
result is sufficiently well known. 

More briefly expressed my view is this — a dry season and dry swamps multiplies this 
insect. And when it is thus multiplied, a wet season and overflowed swamps drives 
it out from its lurking-place, in flocks, alighting hero and there over the country. But 
on being thus rusticated, it flnds our arable lands too dry for it; and immediately on 
maturing and getting its wings again, it flies back to the swamps, whereby it happens 
that we see no more of it. 

Dr. Fitch starts, in the first place, with the supposition that the natural 
food of the Army Worm is the coarse, wild grass of the swamps and 
bogs, and that here, and here only, is it found in the interim between 

worm years." It is only necessary, in order to disprove this, to search 
diligently in spring among the ttifts of grass upon knolls and hill-sides 
as well as along marshes, around the borders of grain fields, and even 
in the grain fields themselves. Army Worms will almost certainly be 
found in all these localities. The species probably does flourish to a 
somewhat greater extent around swamps, but it is for the reason that 
the grass in such localities is not so apt to be grazed closely or cut. More- 
over, the parent moth very x>robably gets more appropriate food in such 
places, either in saccharine exudations, the natural sweat" of the plants, 
or ill the moisture from the ground. 

Moreover, an examination of the weather records shows us that while 
the years preceding Army Worm years have been universally charac- 
terized by drought, the years in which the worms have actually appeared 
have not necessarily been wet, — a fact which in itself is a death-blow to 
the theory. In sujiport of this fact wo made use of the following argu- 
ments in the American Entomologist for {September, 1880: 

That the Army Worm appears in destructive niiiiihers after a period of dry seasoDS 
is a fact already recognized, and is in aecordance with the experience of the present 
year. The portions of onr country visited by the worm tliis year were alllicted with 
drought last sunimer, aud the winter was remarkable for its mildness and the slight 
fall of snow. Fitclfs theory of the apx)earaiicc of the worm required that tihis spring 
should bo a wet one iii order to drive the moths from the swamps and cause them 
to lay their eggs on the upland. But the facts are just the reverse. Farmers from 
Virginia to Vermont have complained loudly of the excessive drought. Kivers in some 
of the Atlantic States have not been so low for a generation, and alluvial meadows 
which have been subject to a spring flooding, have this year remained dry. These 
facts clearly disprove Fitches theory, aud wo must believe tliat the Army Worm is most 
likely to aj/pcar after dry seasons, regardless of tlio wetness or dryjiess of the season 
in which it occurs. A critical examination of Fitch’s arguments in support of his 
theory shows that he not only had no {>ersonal acquaintance with the worm, but also 
made some false meteorological deductions, such as coinx>aring the rainfall of India (T) 
with the ap])earanee of the worm here! With equal reason might wo argue that 1879 
was wet in our Atlantic States because of the excessive x)recix)itation in the British 
Islands during that year. It is evident thiit Fitch was hard pressed for arguments to 
support the theory. That the season of 1861 was remarkably wet in the Bastern 
States, Fitch gives no evidence, and while the moan rainfall, according to statistics 
wai><greater in 1861 than in 1860, it does not follow that the spring and early summer 
of 1861 were, on that account, unusually wet. From the well known connection of 
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the presence of plant Iloe with dry seasons, and fh>in the memorable depredations of 
the grain aphis in that year throughout the Middle and Kew England States, itf is 
very questionable whether the summer of 1861 was wet. It is far more probable that 
the season was a dry one like the present, in which also various plant lice have done 
great damage. 

The sudden disappearance of the worms, which Fitch accounts for by 
the supposed fact that the insect finds our arable lands too dry for it; 
and immediately on maturing and getting its wings again, it flies 
badk to the swamps,” is much more easily and naturally accounted for 
in view of known facts, as we have accounted for it above, by the in- 
creased effectiveness of its very numerous natural enemies, and by the 
enormous numbers destroyed by the hand of man. 

Food-plants. — ^The normal food-plants of the Army Worm are found 
ainoilg the grasses and grains, not a single species of either, so far as 
known, coming amiss. Wheat and oats seem to be their favorites among 
the small grains, though rye and barley are also taken with loss relish. 
German millet, corn and sorghum are eaten by the worms, particularly 
when young and tender. They were found last year feeding to a greater 
or less extent on flax in Illinois, although this is mentioned by Fitch 
as one of the crops which the worms will not touch. They have also 
been known to eat onions, peas, beans, and other vegetables, though 
probably only when pressed with hunger. As stated in our Eighth 
Missouri Beport, upon the reliable authority of Mr. B. F. Mills, of Ma- 
kanda. III., they have also been known to eat the leaves of fruit trees. 
Ordinarily clover is disregarded by the worms, though they occasionally 
nibble at it. A timothy field is often eaten to the ground, leaving the 
clovei: scattered through it standing. In 1880, in Monmouth County, 
New Jersey, occurred remarkable exceptions. We quote from Bev. 
Samuel Lockwood:^ 

I hod AQpposed the aliment of these insects to be restricted to the OraminetBf that 
is, the grasses proper and the grains and Indian com. Hence, surprised at the thor- 
oughness with which they had eaten up that field of clover, on the spot I took it for 
an original observation of an exceptional habit; but, upon looking into the Riley re- 
portsi 1 found similar facts on record. 1 soon ceased to regard this habit as at all ex- 
ceptional ; for, so far as Monmouth was concerned in 18S0, clover-eating by the Army 
Worm was the rule and not the exception. In fact, I could not learn of one instance 
of their presence in which the clover escaped. The following from a letter by a 
teacher is to the point : 

''On the farm of Charles Allgor, at New Bedford, in passing from his wheat-field to 
his oat-field, the worms had to cross a strip of sward composed of timothy and red 
clover of three or four years’ standing. They took every thing clean. They also ate 
the young clover in the bottom of tho wheat-field, killing it entirely. In a mixed 
sward of Geo, Newman’s, the teacher, they atej;he clover as well as the grasses, leav- 
ing nothing but the stalks. They also ate the clover on the farm of Albert King, at 
Green Grove. They did not make a specialty of clover, but they ate it without being 
starved to it. They ate both the clover and timothy in a mixed sward of James 
Allgor’e. They ate Mr. Allen’s oat-field, then went over to his sward of grass and 
clover, and finished that oflT, too.” ^ 

M See Mt^ L ockwood’s Report, fuither on. 
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In this connection it may be well to state that on the Department 
grounds at Washington the newly-hatched worms have been found in 
a folded clover leaf, feeding thus protected, and under such circum- 
stances as rendered it probable that they had hatched there. We have 
already given instances of egg-laying on clover. 

Mr. Lockwood also states in his report, that even the common rag- 
weed {Ambrosia artemisuvfolia) was eaten clean by the worms, and also, 
that the worms in passing through a strawberry patch devoured both 
the leaves of the plant and the unripe fruit. 

In June, 1882, specimens of the worms were received from Mr. Chas. 
G. Eockwood, Haminonton, Atlantic Co., N. J., with the statement that 
they had done great damage to his cranberry crop. 

Experiments made at the Department during June, 1882, showed that 
the worms in confinement will live, thrive, and undergo their metamor- 
phoses when fed exclusively upon any of the following plants : garden 
poppy, beet, lettuce, cabbage, raspberry, onion, parsnii), radish, car- 
rot, and pea. They refused to feed, however, on bean, cotton, grape 
and hemlock, while on strawberry they fed slightly, but all died. It 
will be noticed that eight botanical families are represented among the 
plants on which they thrived, viz.: rapaveraceWj Chenojpodiacece^ Com- 
positWj Criici/ercc^ Kosacecc^ LiliaceWy UmhelliferWy and Leguminosce, 

It may also be well to state, finally, that, like its southern prototype, 
the Grass Worm (Laphygma frugiperda)^ the Army Worm when on 
the march does not hesitate at cannibalism to satisfy its hunger, and 
many individuals are killed and devoured by their stronger fellows. 

Duration of the Pupa State, 

Ul)oii reaching its full growth the Army Worm ordinarily burrows 
for an incli or more below the surface of the ground, and there trans- 
forms to the pupa which has been previously described. Often, how- 
ever, when oc(;urriug in great numbers, this precaution is not taken, and 
the worms i)ni)ate under stones, boards, logs, or other rubbish, without 
entering the ground. More or less silk is spun around the body at 
such times and particles of dirt attached to it. The duration of the 
pupa state varies of course with the climate and season. Ordinarily 
northern writers place it at from two to three weeks. Mr. D. W. 
Coquillett, in raising the worms in northern Illinois, found the length 
in July to vary from nine to sixteen days through the intervening 
times of ten, eleven, thirteen, and fourteen days. The moths issued 
most abundantly after thirteen and fourteen days. In our breeding 
cages both at St. Louis and Washington the average period in midsum- 
mer has been about thirteen days. 

Habits of the Moth. 

Food. — Few actual observations have been made upon the food of 
tBs moths. They undoubtedly feed upon the nectar of various flowers. 
Mr. D. W. Coquillett has taken them in the evening upon the blossoms 
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of clover, and also upon the, common soap-wort {Saponaria officinalis^. 
Onr assistant, Mr. Kocbele,has also taken the moths feedin^c on blossoms 
of apple, honeysuckle and yucca. It is moreover i)robable that one 
of the reasons for the more frequent appearance of the worms on low- 
lands is thiit the parent moth gets more appropriate food at such places, 
either in saccharine exudations — ^the natural ‘‘sweat” of the plants 
(^yHonigausschwitzting ” of the Germans) — or in the moisture from the 
ground. The microscopic examination of the tongue shows it to be 
strongly armed, like those of so many allied genera, and it is highly 
probable that, like the Cotton Worm moth, ijencania not only feeds upon 
cracked or decayed fruit, but that it will also upon occasion pierce sound 
fruit and suck its juice. Of this, however, we have only presumptive 
evidence. 

The eggs develop rather slowly in the ovaries of the moth, and even 
with the mMsummer brood at the South a week or more elapses be- 
tween the issuance from the pupa and the commencement of oviposition. 
Dissections made at Saint Louis in 1875 showed that the moth lives 
without doubt for several weeks in autumn ; hence the necessity for con- 
siderable food. 

Flight. — The flight of the Army Worm moth begins toward the lat- 
ter part of the afternoon. It is low and is characterized by a quick, 
darting motion, accompanied by a slight humming noise, similar to but 
less intense than that made by hawk moths. Professor Thomas says: 

They began to leave the ground of an evening about sunset, but appeared in great- 
est abundance about the time it became fully dark. Their flight is strong, irregular 
and plunging; darting from side to side for a short distance^ they dive suddenly into 
the grass with a force which would seem to bo sufficient to tear their wings to pieces. 
They fly low, seldom rising more than a few feet from the ground ; at least none en- 
tered the window of my bed-chamber, which is on the second floor, and opens di- 
rectly opposite and almost over the spot from which the greatest number came. But 
they do not appear to bo as readily attracted by light as many other moths. 

Exceptionally, however, the moths fly higher. One of the Depart- 
ment agents, last summer, at Savannah, Ga., captured several which 
had been attracted by the light in his room in the second story of the 
Marshall House, and we have repeatedly taken them in the third story 
of our own dwelling. 

Position when at rest. — During the day the moth remains, ordi- 
narily, hidden in grass, weeds, or other rubbish. When at rest its wings 
are either held flat upon its back, opening slightly and showing the edge 
of the hind wings, or more sloping (see positions, PI. II, Kep. But. Dept. 
Agr., 1881-2). Upon first alighting the wings are kept in motion with 
a rapid quivering, but this movement soon ceases and they sink into the 
position described, with the tips resting often upon the supporting object 
or surface. 

irUMBES OP ANNUAL GENERATIONS, 

<*From the time Fitch wrote so fhlly on the species in 1861; nntil the 
r^rd of onr observations in 1875 and 1876, it was the prevailing belief 
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an^ong entomologists that there was bat one annual brood of the species, 
especially in the Northern States, no absolute evidence of a second brood 
having been obtained.’^ 

It is true that Professor Thomas, in the Prairie Farmer of June 20, 
1861, exi)ressed liis belief in two broods, and in the same periodical, 
August 22, 1861, made the following statenieiit : 

A few years back when the Army Worm appeared in this county, after disappear- 
ing, they were again seen on some farms, late in tlio fall, in considerable nninbers. 
In one place they were in such numbers that they cut all the grass in a corn-field and 
even attacked the hard leaves of tlie ripening corn. 

This is evidently from hearsay, and cannot be considered a well- 
authenticated instance, because such accounts in the fall generally re- 
fer to Laphygma friigiperda; yet in 1880 Thomas says (10th 111. Knt. 
Rep.jp. 27): 

In fact I brought forward abaolitie evidence tlic correctness of this opinion by show- 
ing at least one welUatteated case of both the spring and fall broods of the worms ap- 
pearing in this county the same year in large and injurious numbers. 

Kirki)atrick had also expressed his belief that there were two broods, 
but with these exceptions entomologists considered the insect one- 
brooded; indeed, Thomas, later, gave up his belief, as he says, and sided 
on this point with Walsh {Prairie Farmer ^ October 31, 1861, p, 293). In 
1880 we wrote: 

Our experiments in 1876 proved conclusively that there wore always two and some- 
times three generations in the latitude of S«aint Louis. The facts that we also re- 
corded as to the remarkably rapid development of the worm, i. e. that it can reach 
full growth within a fortnight after hatching, lent favor to the idea, in our mind, 
that there might bo even more generations. Biibsequeut experience, and especially 
that of the present year, has convinced ns that there is usually one other generation 
there, and it is but natural to suppose that there are still more in more southern lati- 
tudes. The moths are to be found laying their eggs as soon as A^egetation startii in 
the spring, and there is a succession of broods from tliat time till Avintor sets in ; the 
number differing according to latitude and the length of the growing season. Thus, 
Professor Comstock reports it as liaving been received at the Department of Agricult- 
ure, in the larva state, during every month of the Avinter of 187y-’80 from the South- 
ern States, where, during the mild weather, it was active and injurious to oats and 
other grain. (American Entomologist, A^ 3, pp. 184, 185.) 

The winter of 1880-’81 was so severe all over the country that the 
worms were not noticed j but in the winter of 1881-’82 they again made 
their appearance. 

Sod was taken from the Department grounds at Washington and 
placed in breeding cages as food for other larvm shortly before Christmas. 
January 3 a number of young Army Worms, which had evidently been 
hibernating at the roots, were found feeding upon the grass leaves. Jan- 
uary 12 an active larva one-third grown was taken, out of doors. Jan- 
uary 16 another larva which had passed through its second molt was 
found under similar circumstances. The first moth from these larvm 
made its appearance March 3. January 23 the worms were received 
from Ashland, Clay County, Alabama, with the report that they were 
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destroying the wheat crop and oansing a great deal of excitement in tiie 
county. ' , 

In March, again, they were working injury to winter grains in G^rgUb 
and South Carolina, and Mr. Koebele, as already stated, found worms of 
all sizes at work at Savannah and Columbia. Again, in the first week 
in May, they appeared in enormous numbers in northern Alabama and 
southern .Tennessee, and there is presumptive evidence that, counting 
the hibcrating worms as the first brood, these worms represented the 
third brood for these localities. 

There is no doubt that the prevailing theory of its single-broodedness 
was a result merely of the fact that it is observed in excessive numbers 
only once during the year, and usually when wheat is just about ripen- 
ing. But, as we showed in our Missouri Reports (Eighth and Ninth), 
the worm is always to be found both earlier and later in the season, but 
attracts no attention because living in its normal cut- worm condition. 

In his report for 1880, Professor Thomas has a lengthy discussion as 
to the number of broods — the most extended discussion, in fact, yet 
published. Although he has drawn his data industriously from all pub- 
lished sources, they are still very insufficient, and he has committed the 
great mistake of massing together statements in regard to the length of 
life of the insect in its different states, from Missouri and southern Ill- 
inois to Massachusetts, taking as the minimum length for each state the 
life of the insect in that state when reared in the breeding cage. His 
conclusions seem to be, although it is difficult to get at them, that, while 
in the South there may be more than two broods, in Illinois and the 
Eastern States, as far north as central New York, there are two, and two 
only. One of his concluding statements is : ‘‘From these facts, we be- 
lieve we are justified in concluding that it is imi30ssible for a third brood 
of worms to be produced, which shall pass the winter, in this State [Illi- 
nois], as Prof. Riley assumes, in his articles of 1880.^’ 

The matter of hibernation wo shall consider farther on; but the error 
in his conclusion as to the impossibility of a third brood in Illinois is 
easily shown by actual observation. 

. In 1881 the injurious brood in Illinois, according to the observations 
of Mr. Howard, pupated in Iroquois County from July 18 to 30, the first 
moths appearing August 1. Taking into consideration the fact that in 
former years tlic injurious brood has i^upated during the first or second 
week in June, and calling the hibernating l)rood the first, this injurious 
brood would already represent the third. But this is not necessary to 
our purpose. Mr. Coquillett, Avorking for the Entomological Commission, 
began his observations July 14, in McHenry County, northern Illinois. 
He found an injurious brood which pupated July 19, and gave forth the 
first moth August 1. August 3 a number of moths were captured, and 
from this timeon for several nights several were captured each night, after 
Avhich no more were seen. August 18 a S^ouiig Army Worm was fouiid ; 
August 22 another, aud August 26 still another. The first week in Sep- 
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tember two worms were found. September 23 a nearly full-grown worm 
was found feeding upon a head of timothy, and the same day three more 
were found hiding beneath a board, one of them tachinizcd. Of the 
worms found early in September, one pupated September 22, and issued 
as a moth some time before the 15th of October ; the exact date of issue 
is not known. Of the worms found September 23, one pupated a week 
later and issued as a moth October 22 ; tlio rest died. October 29 a 
worm measuring one-half inch in length, or less than half grown, was 
found. November 1 four more were found, one seven-eighths of an inch 
in length, and the rest throe-fourths of an inch long. November 4 an- 
other was found three-eighths of an inch long, and on the 5th one more 
measuring one-half inch. These last worms were all found, according to 
Mr. Coquillett, under or in shocks of corn, and we think would evidently 
have hibernated in these localities. 

Thus, oven admitting the injurious brood of July to have been only 
the second (hibernating worms constituting the first), we have three 
broods in northern Illinois plainly demonstrated, the worms of August 
and September constituting the third brood and the offspring of the 
October moths the hibernating brood or the first of the present season. 
The case is made all the stronger when we consider that a half-groMni 
worm was found August 23, which, had it been rcare<l to the perfect 
state, would probably have given forth the moth belbre the first of Oc- 
tober. 

We have already shown that the injurious brood is usually the second, 
but have also given instances which indicate that it is occasionally the 
third. We hav^eevery reason to sujipose that Thomas’s estimated average 
length of life of the individual — seventy-seven days — istoo long, even for 
t he more northern portions of the country. The experience of every ento- 
mologist will show that in summer an insect will occupy a longer time 
in undergoing its transformations within the breeding cage than in the 
field under natural conditions, and yet Thomas has taken the vivarium 
life as the minimum.^ We have shown by experiment that indoors 

•®Mr. Liiitnor’a psiiu-v on a anmewhat similar subject, vi/., tlio life fliiratioii in ITclerooera, gave a 
long series of cavoful noti-s of collectings, fromwiiich ho coiiclmlcd tiuvt the averagu (liirntion of moths 
is from two to three weeks in summer. The paper gavo rise to somo extcniled remarks from Messrs. 
I'hoiiias, Maun, Kiloj^ and titlicrs. Mr. Thomas thought that the knowledge of the term of life In the 
imago was of less value, fiiou an economic stniidpoiiit, than that of tlie individual in all its states. In 
endeavoring to ascertiiin tliis duration in Lencania unipuncta, lie hnd conic to tlie conclusion that it 
was about seventy-seven days. I'bis coiicliisioii, based on calculations IVoiu recoi-ded uppearancos of 
tlio insect, was in op])ositi(in to the only actual experiments wliich are on record, viz., those by Mr. 
Kiley in the Eighth and Ninth Reports on Uie Insects of Missouri, which show that the term of life in 
eninmcr barely extends over half as many days. In fact, all our experience as to the summer duration 
of life in this species shows that the states otvegg, larva, chrysalis, and imago average forty days. 
Mr. Thomas argued that insects in confiueiuent develop more rapidly than in freedom. Mr. Riley gave 
his experience ns opiiosed to the statement: insects rcareil in couilnoniont duiiiig the summer are likely 
to develop more slowdy than in freedom, for tho obvious reason that those in freedom get more sun- 
light and constantly h<avo a supply of fresh food at laand, and this will hold equally true with the 
clianges that take place underground, for the mean teiuperatiiro of tho soil, during sutiiinor, is evidently 
greutti^utdoors than indoors. Expei ieuco shows, moreover, that in tJijs question everything depends 
on the^me of year, the character of the weather ami other surrounding conditions, there being a wide 
range in the duration of life in the same Bpeoles. — (Adapted from Amer. Naturalint, Nuv., 1881, p. 012). 
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the round of the insect’s life may be completed, under favorable cir- 
cumstances, in less than forty days. It would be difficult to give any 
exact number of broods for the southern parts of the countiy, for, as we 
have already shown, with mild winters a succession of generations is' 
. maintained during the whole year without any so-called dormant or 
hibernating period. In other years the hibernating period varies with 
the length of the severe winter weather, and of course the number of gen- 
erations is influenced thereby. Moreover the confusion of generations is 
so great that it will always be difficult to ascertain positively the num- 
ber of broods in a given year. 

At the North the same facts hold, though in a lesser degree, and we 
believe that the same number of broods which we have proven for north- 
ern Illinois will hold for all points betAveen the Ohio River and the Great 
Lakes and north to central New York, namely, normally three and pos- 
sibly or exceptionally four.^® 


HIBERNATION. 

In the course of the discussion of the habits and natural history of 
the Army Worm, extending over the last twenty years, hibernation in 
each one' of the four stages has had its strong advocates. Walsh, in his 
many articles, upheld most emphatically the probability of hibernation 
in the egg state, bringing what seemed to be strong arguments to its 
support. Thomas, French, Kirkpatrick, Klippart, and others have as 
strongly supported pupal hibernation, Avhile in the Missouri Reports we 
have given reasons for supposing that the species may hibernate both 
as larv® and as adults. Comstock, in his 1871) report, upheld the 
hibernation of the moth as the only proved method. The discussion 
of this point from our Eighth Missouri Report (1875) will beJir rep- 
etition: 

Accepting as facts that the eggs are laid both in fall and spring, the folloAving qnes> 
tions are to be considered: 1st, whether the eggs laid in autumn hihmiate as siicli, 
or whether the hirvio hrst liatch and hibernate while small ; *^d, whether those laid 
in spring are by moths which issued at that season, after hibernating as clirysalides, 
or by such as issued tlio preceding fall and hibernated as muths. 

As bearing on the first question it is iutcTestiiig to note that the European species 
of the genus, so far as their habits are known, hibernate in the larva state. Thus 
Leucania Uthargyria Esper, and L, lurca (Linn.) hibernate as young larvie, while L, 

>*The delay in the priiitin;' of iliin report peimlts tia to nrhl, in tliis connection, that tho experience 
of 1882 renders it probable that nt Wnsliin^ton there are at least live annual (;cnoratiions and possibly 
a sixth. As already indicated ah<»ve, wo f«nind bibeniating worms during all the mild weather of late 
winter and early spring, and obtained the first moths thei'cfrom (d(m1>tIesH hastenod soniowhat by in- 
door temperature) early in March. Calling this the first generation of moths, sugaiing at night from 
the beginning of May till the cud of Octolmr, by Mr. Koebele, and experiments in the vivaria, showed 
quite plainly that a second generation of moths prevailed the latter part of April and into May. Tho 
third generation occurred about the middle of Juno, the fourth from tho middle to the end of July, the 
fifth doling the latter part of August and tliruugb September. Moths wore captured abundantly all 
through September and October and even early in November, and while we believe that the larve pro- 
duced therefirom mostly hibo»nate, yet it is extremely probable that many produced imagg^; which 
would form the sixth and hibernating generation of moths. 
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comma (LIdd.) winters as a full ((Town larva, accordinf^ to Speyer. Quito a largo 
proportion of onr closely allied cut-worms are, also, known to thus hibernate. It 
would seem, therefore that, in default of direct observation, wo have no good reason 
for assuming that the eggs laid in autumn necessarily hibernate as such. But while 
these analogies make it probable that the insi^ct may winter in the larva state, all 
the other facts point to the conclusion that the proportion that so winter, if any, is 
very small. Instead of abounding in a wet spring when their favorite haunts are 
overflowed, they would be well nigh drowned out, on the liypotlicsis that they had 
been wintering theri> as larvae As bearing on the second question we have certain 
facts which indicat e thatsohie of the pique hiV>^rnato, the iiroportioii doubtless increas- 
ing as we go north. I have myself never had any of the worms roinain in chrysalis 
through June, but Professor Tliomas records that less than half of the puptai which 
he caged hatclmd out, and that “only a part are transformed to moths during the 
season of their larva state. Unfortunately he has left no record of rearing the 
moths from those chrysalides the following spring, and we do not know to hoiv large 
a degree the non-issuance of the moths was owing to nn favorable conditions in the 
breeding cage, which so often affect insects reared in confinement, and which every 
rearer of insects is so familiar with. But Mr. Otto Meske, of Albany, N. Y., informs 
me that he once found a chrysalis about tho middle of May which in a few days gave 
him tho genuino aiiipanc/a, and tho carllness of the date preoliidos tho possibility of 
tho woriri having been hatched tho same spring in that latitude, and renders it almost 
certain that the pupa hiberuatod. Of more value still is the oarliness of appearance 
and freshness of most of tho moths captured in spring — indicating that they have 
just come from tho ground. These facts might, it is true, he explained by the larva 
hibernating partly grown, but tho Peshtigo experience is valnnblo hero and renders 
the other conclusion much the most plausible. In fact the hibernation of a certain 
proportion of the pupm finds its parallel in numerous other instances in tho lives of 
moths that might be mentioned. Every experienced entomologist is aware that with 
lots of species the images from the same batch of larvse often issue partly in fall, 
partly in'spring; while 1 have given instances in previous reports of still greater ir- 
regularity. Tho worms that attract such attention, about the time our wheat is 
ripening by marching from field to field are mostly full grown. Theso would natu- 
rally soon turn to moths; but it must not he forgotten that they are the earliest, 
developed and that the younger and weaker ones have mostly been obliged to suc- 
cumb in the struggle for individual mastery, which must have preceded tlio forced 
abandonment from sheer linnger, of the original liolds where they were born ; and 
that, further, in fields and rank places whore tho worms are not so numerous as to 
be obliged to travel, there are individuals maturing for sevenil weeks after tho more 
noticeable hordes have vanished out of sight. As to tho hibernation of tho moth, 
having shown that tho larger proportion of the moths captured in .'lutiiiiin have tho 
ovaries yet quite immature, it is pretty evident th.'it tho insect hibernates in this 
state, and I learn from Mr. Strecker, that ho has in fact, found the moth in f'ehniary, 
hihernating under clap-hoards at Ke.adiiig, Pa., while Mr. B. P. Mann, of Cambridge, 
Mass., has also found it hibernating. It would be unreasonable to assume that such 
large numbers of the moths as occur in autumn are destined to perish without issue. 
Moreover, a large number of closely allied moths aro known to hibernate, and this 
mode of hibernation will explain more of the known facts in the insect’s economy 
than any other. 

From the foregoing considerations I tliink wo may safely conclude that-taking 
our whole country with its varied climate — there is no one state in which the Army 
Worm can be said to solely pass the winter; that, according to latitude and the char- 
acter of the seasons, there is nothing to preclude its hibernating in any one of the 
four states in which it exists; that in the same latitude and under the same condi- 

% 

^lUinoxs Farmer, September, 1861, pp. 271, 272. 
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tionsit will evea hibernate in different states; and that, finally, the great balk of 
^ them hibernate in the pupa and moth states, the proportion of the former increasing 
northward. 

With our present light upon this subject, and especially with the 
experience of the past two years, we can revise this opinion, for it now 
appears that, as in the case of other species of the gentis Leucania, and 
of so many of our ordinary cut- worms, by far the more common mode 
of hibernating is in the larva state. That the insect does hibernate in 
the larva state is fully established by the facts already given and by the 
following summary: 

First: — The experience noted by Professor Comstock in the annual 
report of this Department for 1879, p. 188, viz, the receipt of worms from 
Tennessee and South Carolina during the months of December, Jan- 
uary and February. 

Second: — The finding of young worms upon the Department grounds 
at Washington during the months of December, 1881, and January, 
1882 — already referred to above. 

Third : — The receipt of the worms at this Departmeut in January, 1882, 
from Clay County, Alabama; the first week in March, 1882, from Lafay- 
ette County, Mississippi, Chatham County, Georgia, and Kichland 
County, South Carolina; and the middle of March from Washington 
County, Missouri. 

Fourth: — The finding of a partly-grown Army Worm in the stomach 
of a blue-bird at Nonnal, Ills., March 9, 1880, by Professor S. A. Forbes, 
as detailed in the American Entomologist^ vol. Ill (1880), p. 204. 

Fifth: — The observations of Mr. Coquillett, already mentioned, — the 
finding of six partly-grown Army Worms after November 1, under or 
in shocks of corn in Mclleiiry County, Illinois. 

Instances miglit be multiplied, but our point is sufficiently esta^i; 
lished. The only argument of any weight heretofore brought to bear 
upon pupal hibernation, namely, the finding of fresh moths in the spring, 
has equal weight in favor of larval hibernation. In fact, the instance 
cited from Mr. Meske, of the finding of the chrysalis and the breeding 
of the moth at Albany, N. Y., about the middle of May^ really confirms 
this view of larval hibernation, as in case of pupal hibernation the moth 
would undoubtedly have been disclosed at an earlier period. 

The evidence in fiivor of the hibernation of the moth is, as we have 
shown, conclusive. In addition to the proof cited we may mention 
that the receipt of the moth from the Southern States during the win- 
ter mouths has been of very frequent occurrence since the commence- 
ment of the Cotton Insect investigation, observers mistaking Leucania 
for Aletia. 

Up to the present time there is no evidence whatsoever of hiberna- 
tion in either the egg or the chrysalis state, though the evifleuce may 
yet be forthcoming." 
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NATURAL ENEMIES. 

Hogs, cbickeus and turkeys revel in the juicy carcasses of the worins^ 
and sometimes to such an extent that, as 1 have been informed by Mr. 
T. B. Allen, of Allentown, Mo., the former occasionally die in conse- 
quence, and the latter have been *known to lay eggs in which the parts 
naturally white* would be green when cooked. The turning of swine 
and flocks of poultry upon an advancing army of the worms is an old 
and frequently successful method of riddance. All of the insectivorous 
birds feed upon the worms. Prominent among them is the Rice Bunt- 
ing or Bobolink {Dolichonyx oryzivorus). So common have the flocks of 
this bird become in southern Illinois during Army Worm years, that, 
according to Thomas, it has received the popular name of ‘‘Array Worm 
bird.’^ Toads and frogs come in for their share of this dainty food, while 
the worms themselves, when hard pushed, will even devour each other. 

A large number of predaceous beetles gather about an infested fleld 
and greedily feed upon the worms, killing thousands of them. The 
following list of ten species was published in our Eighth Missouri Re- 
port: 

Cicindela repanda Dej, Calosoma lollcoxi Lee. 

Ela^rus ruscarius Say. Pasimachus elongatus Lee. 

Calosoma externum Say. Amara angustata Say. 

Calosoma scrutator (Fabr.) Harpalus caliginosus (Fabr.) 

Calosoma calidum (Fabr.) ITarpalus pennsylvanicus (Deg.) 

To this list wo may add the following four species collected while 
feeding upon the worms the present year at Huntsville, Ala., by Mr. 
Howard; 

Pterostichus sculptus Lee. Cratacanthus duhius (Beauv.) 

^isodactylus rusticus Dej. Selcnophorus pedicularius (Dej.) 

The larvrn of Calosoma externum were also found in remarkable 
abundance in this locality, under stones and logs, devouring the worms 
which had crept there for shelter during the middle of the day. Some 
of the most abundant of these predaceous beetles are shown at Plate 
I, Fig. 8; Plate II, Figs. 1, 2, 4. 

The Thick-thighed Metapodius {Acanthocephala [Metapodiu8]Jvmorataj 
Fabr.), a large half-winged bug, common in the South, and well-known 
as an enemy of the Cotton Worm, has also been observed in large num- 
bers the present season in the wheat Helds of northern Alabama, feed- 
ing upon the Army Worms. ^ 

Of true parasites the Army Wbtm has an unusually large number, 
and they are by far the most destructive of its natural enemies. 

The worms never abound or travel from one field to another but they 
are accompanied by a number of two-winged flies, which are often so 
numei^us that their buzzing reminds one of that of a swarm of bees. 

n'See note by L. O. Howard in American ^afuraittf, July, 1882. 
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The Bed-tailed Tachina fly {Nemorcea leucan[i](Bj Kirkpatrick, Plate 
I, Pig. 7) and .the Yellow- tailed Tachina fly [Exoriata Jlavicauda i^ey, 
Plate I, Fig. 6) are known to infest it. Seizing the flrst opportunity 
to attach their eggs behind the Jieads of the Army Worms, these flies 
are as persistent in their work of destruction as the worms are rest- 
less under attack. As many as eighteen eggs of the Bed-tailed Tachina 
are sometimes deposited upon a single worm, but the average is about 
flve. These eggs are almost without exception placed upon the head 
or thorax of the worm, so that the latter cannot reach them with its 
jaws. Occasionally, however, they are placed upon the flrst abdo- 
minal segment, and one worm, now in the collection of the Department, 
carries one Tachina egg upon the third abdominal segment and one 
upon the eighth. From eight per cent, upwards of the worms in an 
infested field have frequently been noticed to carry the eggs of these 
Tachina flies, which, though rendering the most efficient service to the 
farmer, are not unfrequently supposed by him to be the parent and 
cause of the worm.^ 

We have observed, since the publication of our Bulletin Ko. 3 of the 
United States Entomological Commission, in the case of the Cotton 
Worm, that, contrar}*^ to the former belief, the presence of these eggs on 
the back of a worm does not necessarily indicate a sure death, alth^igh 
in the vast majority of cases it undoubtedly does. Mr. Coquillett ex- 
perimented upon this point with the following result: Of sixty-six 
Army Worms, each bearing from one to five eggs of the Tachina, four 
transformed to pupae, from three of which the moths issued. The re- 
maining sixty-two were killed, and from them issued one hundred and 
four Tachina larvae, sixty-one of which successfully transformed to 
flies. 

Next, perhaps, in importance to the Tachina flies come the Microgas- 
ters, minute four-winged flies, of which there are several species parasitic 
upon the Army Worm. Their larvae live within the body of the host, 
and, issuing, spin small, oval, silken cocoons attached by loose silk to 
some neighboring object. 

Walsh described the most abundant of these species in 1801 under 
the name of Microgaster {Apanteles) militarise (PI. IT, Fig. 6.) This spe- 
eies is found wherever the Army Worms are abundant, and its white 
cocoons, attaclied to the grass or to the under side of stones and sticks 
about the field, ai*e sometimes so numerous as to make the ground look 
whitish in spots. These cocoons are invariably found in small masses 
surrounded by more or less loose silk. The adult fly is black, with 
rufous legs. It was the cocoons of this insect which gave the founda- 

** "In 1875 no less than four of our correspondents expressed a belief that, in the langnage of one of 
them, the worms came item a dark-colored buzzing fly about the size of a blow-lly, which is noticed 
around old stack-yards Just before the worms come ; itnd when plentiful, the Army Worm is sure to 
foUow." 

^For descriptions of these flies see PraivU Farmer, yol. Vlll; Second Missouri EntomoldJ^lcal Se> 
port, and Eighth Missouri Entomological Beport. ' 
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tion for the oft-qaoted story of the finding of the eggs of the Army 
Worm covered by a mass of loose silk, originally published by Shurtlelf, 
in the Proceedings of the Essex Institute, July 2, 1862. One of our 
correspdndeiits, Mr. M. B. Kerr, of Aurora, Ind., has made many dis- 
sections of Army Worms in search of the Military Microgaster, and 
where he has found the i)arasites their numbers varied from sixty-two 
to ninety-six to an individual host. From the cocoons of the Military 
Microgaster there often issue iudivi<luals of a minute secondary para- 
site-ra Chalcid, called by Walsh Glyphe viridascens^ but which probably 
belongs to the genus Tridymus. 

In our Eighth Missouri lieport, p. 51, we mentioned the rearing of an- 
other Microgaster from the Army Worm, which difi’ered from militaris 
in always having the three basal joints of the abdomen rufous. This 
we have recently shown** to be a variety of Apanteles congregatus Say — 
a Microgaster which is parasitic upon many Sphinges, Bombycids, and 
Koctuids, and perhaps other Lepidoptera. This species is also i)arasitized 
by the Glyphe viridascens mentioned above. This latter, by the way, is 
identical with the Pteromalua tabacum of Fitch, who bred it from Apan- 
teles congregatus when parasitic upon the tobacco worm {Maorosila quin- 
quemaculata). 

i^other Microgaster which is probably x)ara8itic upon the Army 
Worm is Apanteles limenitidis Riley,** form jlaviconchcey as its bright 
ieinon-yellow cocoons are found sxssociated with those of the Military 
Microgaster in fields infested with the Army Worm. 

Finally, wc have bred a fourth Microgaster from the Army Worm, 
belonging to the genus Microplitis. It difiers from the other species 
mentioned in being solitary, only a single larva deriving nourishment 
from the i>artially grown Leucania larva. This species was also col- 
lected this spring at Huntsville, Ala., by Mr, Howard. 

A small IcliiuMunonid parasite, called by Walsh “ the Glassy Meso- 
choriis {Mesochorus vitreusj Plate II, Fig. 8), was supposed by him to be a 
true parasite upon the Army Worm, but we have recently shown** that 
it is a parasite upon the Microgasters above mentioned, and it is i)rob- 
able that it cannot be called a true Arjiiy Worm x>arasite. 

In the Prairie Farmer {Yol. yill,x). 258) Walsh described another 
parasite under the name lloclceria perpulchra^ which he considered as 
parasitic ux)on one of the Microgasters. Only 18 x>er cent, of the true 
Army Worm i)arasites, according to Walsh, iX>erish by secondary x>ara- 
sites. 

The Diminished Pezomachus {Pezomachus minimus Walsh, Plate II, 
Fig. 9) is a small, wingless parasite, which, like the Microgaster, 8i)ins 
cocoons in cottony floss on the ba^k of the worm, but xd^^ces them 
close together in symmetrical order. This in its turn is x>r©ycd ux)ou 
by a little Chalcid fly {Smicra albi/rons^ Walsh). 

** 14 addition to these small parasites there are a few larger Ich- 

" Tram. Acad. Sol. Saint Louis. Vol. IV, No. 2 (1881). ^ 

Third MltMonri Botomological Report. 

^ Trans. Aoad. Sci. Saint Louis, ibid. 
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neumon-fliea that infest the worm. One, the Purged Ophion {Opliion 
purgatus Say, Plate II, Fig. 5), is a honey-yellow, slender-bodied, wasp- 
ish insect, with a short ovipositor, the female of which, according to 
Dr. Packard, attaches her egg, which is bean-shaped, by a pedicel to 
the skin of the worm ; and the footless grub which hatches therefrom , 
does not entirely leave the egg-shell, but the last joints of the body 
remain attached thereto, while the larva reaches over and gnaws into 
the side of the worm. I have bred this same species from various cut- 
worms, and it spins a tough, brown, silken, oblong-oval cocoon.’’ 

Another species, a true Ichneumon, which may be called the Army 
Worm Ichneumon-fly (Ichneumon leucanias Fitch), was reared from the 
worm by Dr. Fitch ; it is a half of an inch in length and is of a bright 
rust-red color, with smoky wings, a black breast and back, with a 
bright sulphur-yellow spot in the middle of its back. This insect Fitch 
says may prove to be a variety of the Ichneumon suturalis of Say, and 
we believe Mr. Cresson so considers it. 

In the article on the Army Worm in the appendix to Harris’s Insects 
Injurious to Vegetation, are figured two parasites— Ichneumonid — but, as 
there is no accompanying description, it is imi)ossiblo to determine 
them. 

July C, 1880, tvro specimens of a striking looking parasite were bred 
at this department from Army Worms collected on Long Island by 
Professor Comstock. The Ichneumon flavizonatus of Cresson, for such 
is the species, is about 15 millimeters in length, black in color, with yel- 
lowish legs and face, and the abdomen is striped transversely with 
four yellow bands. 

REMEDIES. 

Burning old grass, etc. — That fields which have been burned over 
in the winter are free from the destructive presence of the worm is a 
fact in the history of its visitations. But opinion has varied as to the 
precise effect produced by burning over. Walsh, as we have already 
shown, always urged this remedy of burning over, thinking that it de- 
stroyed the eggs. The next phase was that suggested in our Eighth 
Missouri Beport, where, after showing that the eggs are preferably laid 
in old grass-stalks or stubble, the inference was i)lain that the ai)proi)ri- 
ate nidus w^ould be destroyed by the burning. 

Now that larval hibernation is established, however, we can readily 
see that the fires would destroy these hibernating larvie and prevent 
the appearance of the moths and of a second destructive brood from 
them. But we must not suppose that the burning over would prevent 
all appearance of the worm; it merely prevents its appearance in de- 
structive numbers. The moth will, when e:i^ceptionally numerous, lay 
her eggs without concealment and upon plants, such as clover, which 
the larva does not relish. In such cases of exceptional abundance we 
may well suppose that the moth will fly into flelds which have* been 
burned over and supply them with eggs; but the instances in which 
this would result in material damage to the crop would be very rare. 
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: *‘As the Array Worm appears in vast mirabers during certain years 
only, and at irreg<ilar intervals, tiiid as this appearance is rather sadden, 
and seldora, if ever, anticipated by the fariuor, burning as a remedy 
loses much of its imi>ortance, except where it is ihacticed annually ; and 
^in view of the benelU of such burning in destroying chinch-bugs and 
other insects it is to be regretted that the practice of winter burning of 
fields, prairies, straw-piles, weeds, and other litter ainl rubbish does not 
more generally prevail; the destruction of injurious insects by such a 
system would far outweigh the ben. lit derived from plowing these stalks 
and weeds under or leaving them to gradually decay .” — [Sth Mo. JSnt. 
liep.^ p. 55. 

PUEDICTIONS; IVrBTEOROLOaiCAL INFLUENCES ON THE SPECIES. — 
What we still need to know, in order to make the burning over of much 
avail, is some method of actually predicting the coining of the worms. 
That meterological changes have much to do with disastrous years is 
iiidubibible, yet it is evident from facts we have given that Fitch’s 
theory will not hold. We have shown that he had no jiractical knowl- 
edge of the subject, and that his theory was not well considered. We 
are also not inclined to admit the truth of Prolessor Thomas’s weather 
arguments in the case of the Army Worm. We can only say, after a 
caretiil review of past years, that all or nearly all of the years of Army 
Worm abuiulancehave followed dry years, the nature of the year in whicli 
such abundance actually occurred having little to do with it. This, how- 
ever, helps us only so tar as to enable us to say that after a year of ex- 
ceptional drought the worms map appear in injurious numbers. We are 
still very far from saying that after such a year the Army Worm is a 
necessary consequence, so that for i>raetical purposes we are almost as 
far in the dark as formerly. 

In short, however interesting it may be to speculate as to the w eather, 
no well-informed person will iireteiul to a sufficient sibylline insight into 
the future to enable him to act with absolute confidence as to results. 
The jjreteiisions of ii Tice or a Veiinor must be classed, in the light of 
whatever there is of s<aeiiee in meteorology, among the utterances of 
charl|i.tans and quacks, and whatever the teiidemiy may be for history 
to repeat itsell’, so lar as w eatlier and season are coiicerneil, the records 
sufficiently show that there is no absolutely relying upon the w-eather of 
the future. Insect probabilities, in coniuKrtion w i th meteorological spec- 
ulation, ofler a most inviting tiehl ;lVn‘ theory and speculiilion for those 
who have few facts to lean uj)on, but it can never be safe to anticiiiate. 
for more than two or three months ahead a t the most. It is qn i le possi ble, 
from the obsei'ved facts during flie winter and early sjiring, to form 
pretty accurate conclusions as to wiiat may happen the ensuing summer 
so far as the Army W^rin is eoiicerned, and this is especially true when 
the preceding summer and autiimii have been exceptionally dry. This 
pay illustrated by the following opinion, quoted 4‘i’om an article which 

9e6 
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we published in the Rural Reii-YorJcer of May 27, which subsequent 
events have fully justified: 

Alien t thn Army Worm I have obta jued many interesting facts during the jiast Avintcr 
and jiresent spring, wliicli all go to conlirm tlio correctness of my previous conclusions 
and iufcrences, cspe.eijilly those of 18-iO, as presented to the American Assciciation for 
the Advanccnient of Science, viz., that it hibernates princijially in the worm or larva ^ 
state. From the fact that the worm of all sizes has lu^cn found tlirongliout the past • 
winter not only around Washington but in varioiis ]iarts of the South, whenever it 
has been looked for carefully, and from the further fuel lliat the moths have la^dy 
been very numerous and active in laying their eggs in this imiueiliate viciAity, 1 di*ew 
the inference, some wcck.s since, that we should have in most parts of the country 
serious att.aeks of the insect during the prciseiit 5 'ear, and sent an item containing this 
inference to the Jme/ ican, Xaturallft for publication. In conlirmation of the corrOct- 
ness of that inference the Department of Agriculture has just received aecoiiuts of 
alarming injury to small grain in northern Alabama and Georgia as well as in Arkan- 
sas. If the spring and early summer x»i‘ove in any way wet (as is likely in the country 
which suliered .so much from drought last year) th(^ precise conditions will recur that 
have in the past marked all great Army Worm years. 

Observatious wliich I ha ve recently been making with one of my assistants, Mr. A. 
Koehole, fully establish the fact which I inferred to be the ease iu 1877 — that tlie iiiotji 
secretes her eggs by prefe^reneti iu ohl grass and stubble ami even in corn-stalks; and 
this explaiiis two facts that have long since been recognized by practical men, viz., 
■that tlui worm.s iu destructive numbers arc apt to originate from old stacks or piles of 
coru-stalks, or coarse manure, to wliicli the early moths are attracted for purposes of 
ovipositiou. In sliort, a lield will be free from the; worm in proportion as it is kept 
clean of old stubble and straw, and in ]>roportiou as it is distant from such, or from 
neglected pasturage, or low, rank grass inaccessible to cattle. 

lielieving, tlicrcforo, tliat serious injury now tbreaiens meadows and grain fields* 
from tbi.s insect, and that we shall hear of it lartlier and farther north with the head- 
ing out of wheat, and knowing, from ox]»crienee, that an ounce of prevention is w'orth 
a pound of cure, 1 rtM,*oiimifml tliat farmer.s geiu^rally take the precaution to hum up 
or plow under at once, wherever it is ]»ossible to do so, any neglected uioadows, old 
grass or straw' upon their farms ; furtlier, to roll the grain in the vicinity of old stacks 
where these may not he. burned. Let me add, fiirtluir, that ono must not be deceived 
by uppearaiices. Tlie worms iiuay not bo visible to an ordinary observer, or even to a 
careful one, and may yet abound in iuyriad.s, for they secrelo tbeiiiselvos witliiii old 
stalks, or folded leaves, w hen very young, and hide uiider matted graas or grain when 
larger. Yet a lield that shows none now may in a fortnight bo overrun w ith full- 
grown wmnns, so rapidly do they grow. 

While, therefore, ainnial burning in the fall or winter is to be recoin- 
meinhitl ns a linjihazard way of reducing Army Worm injury, burning 
as late as iiossible in the simng is uiucli more strongly to be recom- 
mended, osi>e(*ially during (jertain years, and following exceptionally 
dry seasons and special obsei vatious that have been made during the 
l>reeediiig winter. 

Ditching ; coal takj poisoning. — “The worms maybe prevented, 
as a general thing, from iiassing from one lield to another by judicious 
ditching. It is important, however, that the ditch should be made so 
that the side toward the field to be protected - dug under. About 
every three or four rods a deep hole in the ditch should be made, in 
which the worms will collect, so that they can be killed by cevering 
them with earth and pressing it down. JChey may also be destroyed by 
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burning straw over tliein — the fire not only killing the worms biit ren- 
dering the diteli friable aiid moreefUeient in preventing tljeir ascent. I 
have also used coal oil to good advantage, and the worms have a great 
antipathy to j)ass a streak of it. Many of ni.> eorresjumdents success- 
fully headed them olf l»y a plowed furrow 0 or 8 ineJu .s <leep, and kept 
friable by dragging brush in it. Altc.ig the ditch or iiirrow on the si<le 
of the ticid to be protcctinl, a space of from 3 to feet might lie tlior- 
oughly dusted (when the dew is on) with a ndxtnro of Paris green and 
plaster, ortionr, so that i‘very worm which succeeds in crossingthc ditch 
will be killed by feeding upon plants so treateil. This mixture should 
be in the proportion of one part of ])nre Paris given to twenty-live or 
thirty parts of the other materials named. If uschI in li(pii<l form, one 
tabh'spoonfnl of Paris green to a bnckid. of water, kept well stiri'cd, will 
answer the saiiu! purpose, as also will London tiuijde, which has the 
merit of being chcajier. These substances should, of course, be only 
used where theri^ is no daiigei* of poisonmg stock, ])onltry, or other ani- 
•nials. Logs or fences over niiniing streams, or irrigat ion ditclies, should 
be removed, otherwise the worms will cross on them. 

From expcriiiiciits which I have made I am salislied that where fenco- 
luud>cr can Ik*, easily obtained it may be useil to advantage as a substi- 
tute for the ditch or tnmc.h* by being secured on edge and then smeared 
with kerosene or (;oal tar (tln^ latter being more particularly useful) 
along the ujiper edge. By means of laths and a. lew nails the boards 
may bt^ so secured that tliey will slightly slojie away from the li.eld to bo 
protected. {Such a» barrier will prove ettectnal wlune the worms are not 
too persistent or miimuous. When they are. excessively abundant 
they will nwd to 1x5 watched and 0 (‘.c.asionalIy dosctl with keros(me to 
prevent their piling up even with the top of the hoard and thus bridg- 
ing the barrier. Tin* Ininlxu- is not injured for other purposes subse- 
quently.^*^ 

Kolling; eexgog; roptisg. — Wlieie the crop of a field has been 
coinplelcly destroyixl by the worms, the plan of killing them by heavy 
rollers lias been tried. This, however, is an expensive remedy and is 
not as satisfactory as might be suj)posed. Experiments on Long Isl-* 
and in 1880 ju-oved tliat even where the gronml was level the rollers 
soon became ii regularly (covered with mini com|)Osed of earth and of 
the juices of the crushed worms, so tliat tlui clfcct was much the smiie 
as if the ground had been uneven, and many wor/ns escaped in conse- 
quence. 

The remedy of “drawing the#roj)e,’’ as it may be termed, was prac- 
ticed as long ago as 1770, and is described, under the head of “Past 
History,” in the quotation from Kev. Ciraiit Powers. Althougli this 
remedy has been pilfcticed from time to time since then, wo are not 
aware that any other account has been published. Tliis spring it has 
been tried with good effects at Iliintsville, Ala., and by Mr. J. W. Sparks,; 


“Quoted from previousf articles by th© author. 
■0 
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of Mlirfreesborongh, Tenn. We quote from a letter from this gentleman 
describing liis method; 

The Army Wonii is making such iurofuls iipou the wheat crop and other crops here, 
in middle Toimeasoe, I thought I would write you aud give the ]>rpdcss I have for 
ridding the wh(*al of these vagabonds. 1 take a rope about (iO feet long and cause 
two men to walk tliroiigh the wheat Held, «!raggiiig Hio rope over the wheat. By 
this means you cau go over a large fiehl of wheal iu a few hours. The rope, dragging 
over the wlpait, shakes the worms oil* on the gioinid, and they curl up and lie there 
half an hour or more - seem to be mad about it — and then begin to move about hunt- 
ing something to eat; but tlie larger ones arc unable to climb llie wheat stalks w'ith 
all the blades off, so that you get rid of the larger ones the tirst time going over, and 
the smaller ones can be shaken oil’ so often that they cannot hurt the wlieat. If you 
» will make kiu)wii this simple i)laii to the sections where the wonii is at work tho i>eo- 
ple cau yet save their wheat. I am sat isfied I will save mine. I am going over my 
whole crop twice a day. My wheat is looking splendid, and if I succeed in whipping 
the wonns I will make a large yield. You hliall have full reports at the proper time. 

In regard to this remedy it may be well to say that while tolerably 
efficacious when the worms are not present in overwhelniiug numbers, 
or when the crop is far advanced and the stalks are large and tough, 
under opposite ciroumstances it will be of little avail, and it will always 
be a question whether the ])ortioii of the crop saved by this means will 
be worth the great expenditure of time and labor which this remedy 
calls for. 

As a fitting sequence to this general statement of the more interesting 
practical facts connected with the Army Worm, we introduce such letters 
and extracts from coiTCspondence as are of sufficient interest for pub- 
lication, and also, as intimated at the outset, a valuable account of the 
insect iu New Jersey in 1880, by one of our esteemed correspondents, 
llev. Samuel Lockwood. 

REPORT OF OBSERVATIONS UPON TUK ARMY WORM, 1881. 

Washr\( 1). C., Auijust 7, 1881. 

Sir : In accordance with your verbal directions, and the written ot- 
der of the Commissioner of Agriculture given me July 23, 1 started on 
the inorning of the 24th for Chicago, III. Arriving thereon the morii- 
' ing of the 25th, I s])cnt the afternoon in interviewing the editors of 
the Farmers^ Rtvieic wml Frairie Farmer with regard to the extent of 
country^ over which the wonns had mad(‘. their appearance, and iu 
ascertaining tlic most ]irofitable sj)Ot in tln^ Slate to visit. 1 stalled on 
the morning of the 20th for Kaub, liid., a small station on the Kankakee 
line. Arriving at Sheldon, Iroquois County, Illinois, however, I was in- 
duced to stop by tho accounts given»by men at tlie station as to tho 
abundance of the worms. I si»ciit the whole of the 20th at Sheldon, and 
oil the 27tli went over to Keiitland, Newton County, Indiana, where great 
damage was reported, and where 1 spent the moAing in the field. On 
the evening of the 27j:h I returned to Chicago, where I found a letter 
from Prof. W. A. Henry,* of Wisconsin University, in Answer to tele- 
gram 1 had seut him ou the 25th asking about the uortherumost appear- 
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aiice of the worms. His reply was that they were reported near Mad- 
ison, and that the northernmost point from which they had been reported 
was Waiipun. On tlic inorning of the 28th I started for Madison, reach- 
ing there in the evening. The next morning I ascertained that the Army 
Worm rumor in that locality was a taisc alarm. Jleliothis armigera in 
sweet corn liad been taken for Leiicania, and the work of Laehnosterna 
in a few meadows had been su])])osed lobe the work of llie \i-my Worm. 
Learning from Professor Henry and the editor of Democrat that the 
only points lioiii \vlii<‘h there had been newsi)a])er reports of the worm 
, in Wisconsin were Oshkosh, Whitewater, and Waii])iin, 1 obtained the 
address of a well Iiilbi iiumI man iu each place — one who would certainly 
have lieai'dof tlu! Army Worms liad they made tlieir appearance — and 
telegrai)hcd to each for absolute iid'orimition as to whether the worms 
had been seen in his locality, and the answer was iu every case contrary 
to onr exp«.*ctations. J^'eeling quite certain, tlnnefore, that the worms 
were not lo be found in any number in the State of Wisconsin, 1 took 
the night train back to Chicago on the evening of the 2bth, occasionally 
getting otf at a statir)n and making inquiries about tlie worms. 1 learned 
on my return to Cliiiiago that the worms had been reported as doing 
a great deal of damage at Kalamazoo, IMich., so 1 bought my return 
ticket via Michigan Central and spent a night at Kalamazoo. The 
most diligent inquiry, liowever, on tlie spot failed to find me a man 
who knew of their ])reseiicn. 

lOxTKNT OFCOU^NTiiV ixVJiJRED. — I failed, therefore, to find the worms 
in any other locality than iu northeastern Illinois, and across the border 
line ill Indiana, and 1 am strongly inclined to believe that, outside of a 
belt embracing iKlrtious of Lusalle, Kendall, (riiindy, Will, Kankakee, 
Iroquois, Livingston, and Ponl Counties, Illinois, and Kewton, Benton, 
Jasper, Warren, ajid Tijipeeanoe, Indiana, the damage was not very 
great, aithongh the. re[M)rts from central and western Illinois were quite 
alarming. Prom wliat 1 could learn of the re[)or.ted aiipearance in Iowa, 
I believe that some other worm has been mistaken for the Army Worm 
in that State. 

Crops tnji:ked. — The oat crop seems to be the only one wliich has 
beim ap])reciably injured. Some little damage has been done to corn, 
cspee.ially young sweet corn, and in some eases slight damage has been 
done to flax and millet. The timothy on pasture lands has als6 been 
somewhat eaten. 

Amount of damage. — The damage to oats has iu many cases been 
very severe. 1 saw flelds of several acres which were not considered 
worth harvesting. At one place, seeing a steam thresher at work, I 
made inquiries, and found that they w^ere averaging about two bushels 
to the load, when the proper amount should have been fifteen bushels. 
Pr. Bush, of Sheldon, states that, to the best of his judgment, the crop 
in Irdtiuois County has been damaged not to exceed ten percent. This 
was indorsed by most of the ipen I met who were not farmers, the latter 
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the damage at from 25 to 50 per cent. The total amount of oats 
ill that part of the State will not fall behind the crop of last year, owing 
to a iiiueh greater aereag<‘. ^laiiy fanners have put in oats on account 
of the failure of winter wlieal. In the southern part of Xewton County, 
Iniliana, the damage done was very great. Mr. Kent, .of Kentland, who 
owns several farms, says that while his individual croj>s should have 
been 50,000 luishels, he w<uild happy to realize H^OOO. lie says that 
the loss ill Kentland township will easily he 75 )ier e(‘nt. of tlie^rop; 
but at* the same time K alizes that this is local, and says that the crop of 
the State as a whole will he immense. 

TiiK PUKViors SK.-^soN. — The iMTSons interviewed seemed to beuiian- 
inums in the i»])inion tliiit the last season was very wet during the early 
part, and that (his was loHowed by a very dry late summer aiid tall. 
Last winter was, as all <»v(*r the <xmn<ry,a vc*ry severe one, while the whi- 
ter b(*fore was remarkably open. The i>resent S(‘as()n lias been a very 
lavoiable one, the sjiriiig, however, being rather dry. 

The PREViors ruor.— In tields which were woist injured I always 
took pains to impure (‘oncerning the previous cro]), and found consid- 
erable diversity. 1 n t wo eases it had been eorn, in two oats, in one tlax, 
in one barley, and In one prairie laml. In several eases also it was win- 
ter wlieat which had Imhui jilow ed up in April. The damage in all these 
tields this year was efjnally great. 

Method of wouk. — The nielho<l of w ork in oats is the same as in 
timothy and wireal, as (les<!Hbed. The fruit -stalk isstripjiedof its leaves, 
and the head is cut ofland falls to the ground, where it is usually eaten 
to a greater or less extent. Some fanners have taken ml\ antage of this 
fact, and have turned in th<‘ir .swim*, to fee<l iijiou tlu^ fallen giain, ami 
at the same time (Jiey undoubtedly destroy many worms and pii]Ke. . 

No marching Avhatever has been notii’ed. Tlie worms apjieared sim- 
ultaneously all through (In* lields, and having jilcufy of food tJieie was 
no occasion forgoing fartiici*. This ta<*l lias gi\(*n rise to an opinion 
aiming many farmers limt t his is not the Army Worm but a cut-worm 
thiu is always preseiil in the fields. This fuel; also jiuts an effect ual 
e.<loppe! ii]ioij the u*-** of tlie old remedies, and there .seems to be no 
wgiy to destroy the worms in the fields without a s iei-ilice »>f the cioj). 

rAcrs liKARtMi ox xoMin:]; of hkoods. — Tliat the hrooil <!amag- 
ing oat^ tills year was at l<*asi the se<*(md, and, in c.a.st^ of larval hiber- 
^iiation, tlie third, simous most ]irobable. The. iiijm ious biood in Illinois 
has liceii nsnally in dune, the worms jmpating about the middle of the 
- month, and the moths aj>pearing IronMln* 20th to the 50th of the month."- 
In the places visited this year the worms w’ere first noticed fj-om tlie 
12tli to the J5tli of tJuly, and at that time most of them were of the size 
of a ^^small straw'.” 

In one instance. several empty egg-shells of Leucania were found in 
the vicinity of a last winter’s fodder stack. They were in the fold of one 
of the hmal leaves of the stalk. These, fyoin their position, may have 
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been laid by the first brood of moths, though from the known ovipositing 
habits they may equally as well have been deposited by the second 
moths. 

In the same locality T found, by digging, the remains of two empty 
pupae, undoubtedly Ijeucania, which certainly belonged to a firevious 
brood. 

An ACCOMPANYING CdT-AVORM. — III the fields, among the Army 
Worms, wore largo numbers of an accomjianying cut-worm, in the evi- 
dent proportion of about om‘, of the cnt-werms to hve Army Worms. 
The size of the forimT was about that of tlio latter, and the color a 
nearly uniform dusky brown, witli transverse lateral stripes of a darker 
color. They transformed to slender pnpje, liglit brown with dorso- 
lateral longitudinal, pinkish stripes. 

Natural enkmtks. — Several larvai of a ground beetle (probably 
CaloHoma Hcrutaior)^ large, blae.k, horny, and a(itive, wer<i found destroy- 
ing the worms at a gr(‘at rate. I liave been unable to breed them, the 
only pupa obtained dying in the box. In order to ascertain the amount 
of good which these larv;e do, 1 placed my largest specimen in a box 
with lo full-grown Army Worms, after starving him for a day. In two 
hours I opened the box and found that he had killed every one of the 
worms, but had vSiicked dry but tAVO. 

TTie small, white cocoons of an Iclineumonid'^* were found in enormous 
numbers, at tached to the oat stalks, in the axils of the corn leaves, upon 
the surface of the ground, and under clods of (iarth. Often upon lifting 
a clod of earth Ihe black loam apjieared liglit gray Ironi tlie abundance 
of these cocoons. They were usually found in small masses, attached 
side by si<le, with a little loose silk arouml tlie mass. I saw large imra-, 
bers of a large reddish-brown ant ti'iiring these cocoons open and feeding 
upon the ])n]>;e. 

A. secondary parasite vras bred from these coc<K)ns, which seems to 
bo the Mesochonfn rilrensj of Walsh. 

Ill one instance, in a corn-licld ladonging to Mr. (Joriett, of Sheldon, 
the worms wer<^ ()l>s<'rv<‘d to be extensively infesied by a. Taebiiiid from 
the eggs 111)011 the thoracic segments. Not a single worm Avas found in 
this field which did not bearon<M>r men' eggs. I have since bred from 
one of these larvie a small speeimen of avIkU ajipears to be the common 
Nernormi nY Kirkpah ick. I also observed in tlie aci of oau- 

positing an lelnieiimonid about lo millimelers in length, rufous in coloiy; 
with wliite-banded antenme, and wings not extending to the tip of the 
abdomen; but I was unable to capture it. 

Eespectfiilly submitted, 

L. O. HOWAED. 

Prof. O. V. Eiley, 

JBntomologiM^ United States Department of Agriculture. 


Tin's proved to be Agrotis c-nigrum.—C. V. K. 
^ Apantelea eongregabu,—^, V. K. 
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CORRESPONDENCE ANENT THE ARMY WORM-SPRING OP 1883. 

T SOI 1(1 you tlie iiiclosod oonimiiiiication from the Huntsville coire- 
spoJKkMit of the Chattauonf/a Times in reliiMon to nn inviisioii of the 
wheat (;i‘op in this vi<;iiiity by the Army Worm. 1 recon noitered the 
iiivadi'rs yesterday, and witness(Ml with teeliiij^s of inncli sadness the 
devaslations already wrought by them on St(n'(Mis- farm. J ca])tiired 
and examined some of them. It is tlie Army Worm described in the 
Apjricultnral Keport for 1S70, pajre 187, and the sanui 1 think that ap- 
peared here in 1801. * * * The insects are of different aji^es, and it 

is to bo apprehended that there will be suc(*(‘ssive (aojis of them. 
* • * Upon examining an oat tield yesterday, in company with Mr. 

White, I found multitudes of very small worms (ioneealed under tlie 
oats sown this spring-. It was about half ]>ast p. m., and the sun 
shining:. They will donbth^ss d(\stroy it. Mr. Bed(‘rmann’.s oat patch, 
near Steven.s’ wheat- field, has been e.ompletely destroyed. Some of the 
largfer worms in Stevens* tield show that the Taehina parasite has been 
operating upon them. 1 iH‘ver saw a more promising wheat cro]) than 
Stevens’ before this invasion. White .said to me that in the beginning 
of last. we<*k he would not liave taken for his own whi^at croii; 

that he does not now expect to reap anything from it. I hear of this 
insect in the neighborhood of N(tw Market and Wldtesbury. — [S. D. 
Cabaniss, nuntsville, Ala., May 2, I8S2. 

An interesting feature of the apiM^araiujc of the \vorm in Alabama in 
May is contained in the following letter to Mr. Floward upon his return 
from the investigation made at Huntsville. The insiad. confounded with 
the Army Worm is the clover-hay worm {Asopia vostnlis ) : 

Sill: While you won; lioro .'i few days .since, iiive.st.i;;atirig the idienomori.'i of the 
■worm in wheat, I had tlie pleii.snre of an iiitrodn(;tiori and ;i luief con versa! ion with 
you, and take, tliensfoie, thi; liberty of statinjc to you a curious pliase of the, worm. 
Mr. ,J. G. Tiaker, living here in 1881, j>roduced clover hay — .about two tons ]uu' acre — 
on ricli land near the corporate limits of Uiintsville. Tlie liay was cait, cured, anil 
placed in the mow — about eight tons. Ito n.sed down to about two toii.s, and a few 
,days ago, on taking out and delivering a load of bay, .after taking it o(f the wagon, 
discovered on the Jloor of the wagon iiiiiiiincrable worms about one-lialf inch long, 
dark or greenish-brown in color. He then returned and found on examination of tlie 
hay-mow countless mimb4;rs of these worm.s — also what seems to be a kind of web spun 
in the dchria at bottom, whicli had inn]titnd<;s of egg.s half the size of a mustard si3ed 
and black in color. TIm'.m was about the tirst of May, and the worms have now disap- 
B seems to be a theory that tliese worms Jire bred in clover-tiehLs, and this 
Sending them in clover-li.ay would seerii to establish their liabit of depositing their 
^eggs on the chiver-stalk in the field, in tliis c;we carrying them over to the next year 
and hutching then. Thi.s liay w\'is cut about June 1, 1881, and taken out about May 
!,■ 1882. This theory struck me as po.s.sibly inconsiMiuential, but of enough cariosity 
to write you.— -[L. W. Day, Huntsville, Ala., May i:», 1882. 

The Army Worm is inuking severe inroads upon the wheat croi) and 
other crops here in mi'l’dle Teiiiicssce. — [J. W. Sparks, Murfreesbordagh, 
Teim., May 20. ^ 
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The Army Worm lias commeiiccil work. Is it safe to use London 
purple?— [Saint Louis, Mo., May 24, 1882. 

I send you by this day^s mail, spoc.imens of a eaterpillar which is do- 
ing great damage to tlie wheat in this locality. 1 have been unable to 
find out how i'ar sprend it is, but hear of it in the northern parts of this 
county and also in Xelson County. It aitaeksand eats the blade of 
the wheat (so lar I do not see that they have hurt the heads), and I 
find many stalks broken <>/!'. — [II. A. K. Murray, Warren, Albeuiarle 
County, Virginia, June 8, 1882. 

Doing eonsiderabh‘ damage to oals near Uniontown, I), C. — [L. »T. 
Ijurher, tinne Jo, 1882. 

The Army Worm is ])laying gr<‘at havoc in this section of the State. 
All the late, wheat is being destro.V(‘d by thmn wherever they have ap- 
peared. Many (ields of grass that were most luxuriant a week ago, 
look now as if a fire had s\ve[>t over tliem. ('ornfields, wherever they 
liavo toiielied, liave been entirely destroyed — too hite now to plant over. 
Clover alone seems dislasteful to tluun. Oals, corn, orchard-grass, timo- 
thy and wheat they delight in. We have never had them before, and 
don’t know what may b(‘ tludr duration. They appeared about a week 
ago and are ineiea.sing in numbers most ra]>idly. — [Kobert Jleverly, The 
riains, Kanquier County, Virginia, rliine 10, 1882. 

Inclosed timl tub(‘ (iontaining s])ecimcns of Army Worm, which has 
occasionally infested this country ev<u* since its first settlement. The 
first serious injury was done in June, 1825, wlnm it appeared in some 
wheat-lields and meadows, ami after eating the heads and blades of the 
timotliy, and iiartially stripjiing the wheat and r\(^ of tlieir blades and 
beards, with little injury to the grain, it moved disasironsly upon 
the green corn ami oats, eating down (he corn ami com])letely behead- 
ing the oats. * * * qqiis year they appeai’od in the barley about 

the loth of fillin', and have done groat damage by eating off the straw 
jiist below the head, ami a few days later ajiiieared in the wheat and 
timothy all over Iho country to a very alarming extent; but just as they 
had got fairly to work, on thenightof the Mth, the whole country between 
Somerville and Indianapolis was visited by very disastrous storms ami* 
floods, which seem to have caiisiMl them to suspend ojierations, though 
not to entiiely disajipear. — [M. 1>. Kerr, Aurora, Dearborn County, In- 
diana, June 1*J, 1882. 

My observation of the locality of the Army Worms laying their eggsr,^, 
has been this: In the early spring the moth has not the activity it lia8| 
later in (he season, and the gn'afer part of the eggs arc laid in the splits 
of broken straw and in the foldings of the leaf-sheaths, mostly covered 
or secreted; but in the layings of* early spring 1 Iuia-c found the eggs 
most abundant in tlic angle made by the. leaf-sheath when torn from 
the %traw at the joints of same, and not aarcic^. 1 do not think the 
hibernated moth would show its specific characteristics as much as 
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those that have uiKtergone their changes and lay their eggs in a higher 
temperature. I have noticed that a high temperature has a good deal 
to do with tlie activity of the moth of the Army Worm. 

The migration of the worms is not always in quest of food, thougli at 
this period, like all w'orins oi’ this class, they are ravenous. ' There has 
been a migration into a field in . this vicinity which I have closely 
watcjied. Before leaving a Avheat -field, where there was an abundance 
of food, the worms show ed an uneasiness similar to that shown by the 
silk worm before spinning its cocoon (moving the head from right to 
left). The first inove w'as into the blue grass {Poa pratensiH)^ and then 
across a traveled road into a field of corn partly plowed over w ith the 
rows in the same direction the w'orms wane going. They ate for 10 to 
15 rows every bit of com on phured (jmundwwiX but little on the iin- 
plowed. As they advanced flie destruction was less and less, nearly 
stripping the leaves of the 30th au<l loth i‘ows, and entirely leaving tlie 
unplowed ground. These worms were of a very uniform size— full 
grown. 

To-day T examined a few' hills of corn on the boundary of their eating 
as they were congregating around tlie hills of corn in their migration. 

I looked there first, and at a single hill found 18 chrysalides under one 
small clod. I think this horde of w^orms left this wiieat-ficild because it 
was unfit for the (*hange from larva to clirysalis, not ofi'ei iug any shelter, 
as the ground in the w heat field was smoothly beaten down by rain 
and w'as very bard. VV’'Iiere food is abumhiut and shelter can be found 
for the larviB to undergo tJieir changes, lliey will not migrate, but from 
either a shortness of food oi* unfavorable locality for clnysalides they 
will move. If the worms are full grown tlie damage will be bat little 
compared wdth the migration from a shoi liicss of food by the woi Jiis of 
a small size. 

In the shape of the ditcdi, to defend a Jitdd against tlieir incursions, 
there lias been in rids locality (|nite an iinpiovement over the old un- 
dercut ditch. It is made by ilragging along the ditch a ditching-gouge, 
such as is used in laying 3-iiich tile in the angle of th(‘ ditcli. 

The cutting on tlie side you wish to delend, tiiis hjilf-ronml cut 
lieing mu<le. by a h<o i/Mital motion. Iraving a siiioolher snrfaev on the 
halt-round Ilian can in <h n,* by uiidentiuting w ith a spaile, and I have- 
never seen a w orm jias.s i];e iiiqier angle in lids patua n of ditch. — [.J. 
O. Aiidras, Manchester, Scott County, liliiiois, dune 22, 1882. 

My brother, Alfred K. Swann, who resides on his farm in Jefferson 
I^Oounty, Tennessee , w rite.s me that Army Worms have apiieared in vast 
numbers and are ikav destroying Ids grain ami grass croiis. The same 
thing occurred la.st season, and as this farm is a very valuable one — 
nearly one thousand acres, a large part of which is river-bottom lauds — 
the loss involved will amount to several thousand dollars. (It is kndwn 
as the Eagle Bend hiirm.) — [James Swann, New York, June 30, 1882. 
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ACCOUNT OF THE INVASION OF 1880 IN NEW JEliSEV.. 

By Rkv. Samuel Lockwood, Pir. D. 

, “Caterpillars, snnl that witliout Tinnibor.” — lUble. 

It was tlie first day of siiiniiier, 1880. A long, parching drought had 
prevailed, and one felt like choking in tlie hot and dusty air. Although 
Flora’s brightest month, ‘‘ when «Jiine’s red roses blow,” the bees were 
almost starving in tlunr hives, so few and ])oor weic, the liowers. The 
stage, Oil its way to the station, several miles otV, ])ieked me up at a 
farin-house. A strange being, hatless and shoeless, was leaning against 
a fence on tlie road side. 

“Tliat’s ]K)(U* J3aft!” whis])ered the driver, in a coin])assionat(^ way, 
as we diu^w near. The man s(MMned aliont thirty-five, and Inul a harm- 
less, half dazed look. Having taken a step or two into the road, he ac- 
costed us in a solemn mauiier, causing a momentary halt. 

Dapt. Have yon seen the Army Worm*? 

jKiiir. Kary a w'orm, Dallic! 

Daft. Oh, but he’s come! He’s dow’ii the road about half a mile, 
and’s commitling desolation most promiseuously. Then* wasn’t one 
thei e yesterday. But tJiis morning, lo! a great multitiKle which no mau 
can miinbei ! It’s all very mysterious, the palmer worm and canker 
wwin. His grt*at army! Maybe that’s why nobody can tell ns where 
they come from and w hat becomes of them. I’d like to know if itt^all 
past finding out. 

Jkiiu. That;s loo deep for me, Dafiie. (Ve’long, ponies. 

Having start<Ml Ids horses again, the driver told me that “though 
feeble-minded elsew ise, Daft was n*al i)owejfnl on 8('ri[)ter.” 

1 had that umrning at an early hour been wal rldng the eundiict of an 
army of Leumn ia unipuncia^ the veiy one to wliich Dafiie referred so 
mysteriously. In Irutli, actual (*d by the vast ness of this invasion of the 
Army Worm, 1 was tlien on a season’s obsci vat ions, which it is proposed 
to give Avith son>c fulness of d(*tai]; ami |m rl!aj)s we inc.y thus true an- 
swer make to (Is* wise <|nestioiis of riiar iiinoi'cnt. 

The army altovc mentioned Imd just imuio complete havoc of aclover- 
liold. They wen* bred from c;:.i:s laid in a low lying, last year's rye- 
.lield adjoining. Alter but iiarlially eating tin* grass in this old lield, it 
W’as abiuidoned for the more suecul(*nt and Vender elovta* and grasvS iii 
the next lield. The very iiiiusnal heat and drought had been too muclv 
for the young worms, having lendereil too tough the grass in the lieUI 
wdiere they were hatched. 

In the new lield the clover ami the grass in its sliade weie much more 
comestible. This field w^as completely devoin ed — not a sjiear of grass 
or leaf of clover escaped the invaders. Is othing but naked clover-stalks 
with empty heads remained — even the headlands were thoroughly 
cleaned up. A low but distinct and unpleasaiit crinkling sound accom- 
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paniod the feeding. As if actuated by one impulse the whole army 
made straight for a Avheat field acjross the highway. The idowing of a 
treneli on the fiir side of the road intercepted their inarcli. Two men 
with spades cut a clean, perpendicular face on the side of the furrow 
next llie wheat and a series of little ]>it-fall.s in the trench at intervals 
of about oh feet. This coin]detod the trap. Tlie caterpillars, wearied 
with useless eflorts to climb the straight side of the.trench, would crawl 
along until they fell into the little pits. Myriads of ants beset them j 
sucking out their juict's, which, with t in* heat of the siifi, soon destroyed 
them. They cannot (‘iidure <lirect sunlight but are essentially night- 
feeders. 

If unintermpled, their inandi to the new feeding grounds would have 
been accomplished ere the sun was well up. 

The time in whicli the Army Worm did its cluef miscliitd’ in Monmouth 
County, jS^ew J(Tsey, was from al)out the close of ]\I ay to about the 20th 
of Jime. The first observafiou of real mischief being done was May 28. 

During the above time my duties led me to ride over the entire coun- 
try on official business with the toacliers and sidiool-officcrs. Thus 
opportunities were atlbrded for observation and impury such as a natur- 
alist could not afford to neglect. I had supposed tlu‘- aliment of these 
insects to be restricted to the r/rumbierr, tliat is, the grasses proper and 
the grains and Indian corn, lienee, surprised at the thoroughness with 
which they had eaten u]) that field of clover, on the spot I took it for 
an original observation of an exceptional liabit; but, upon looking into 
the liiley -reports, 1 fouml similar facts on record. I soon ceased to re- 
gard this habit as at all exceptional; for, so far as Monmouth was con- 
cerned in 1880, clover eating by the Army Worm was the rule and not 
the exception. In fact, T could not h^arn of one instance of their presence 
in whiiffi the clover escajicd. The following from a letter by a teacher 
is to the ])oint: 

■ On the fMrin of Cluiilo.s Allfjnr, at New T5eflfonl, in passinr; from his wheat- hold to 
his oat-lield, the woiins had to cross .a .strip of award cornpo.scd of timothy and red 
clover, of Ihreo or four years’ .standiii*'. They took cvrryfhini' clean, 'fhoy also ate 
.the yoiinjj clover in the bottom of the wheat-field, killin;:f it entirely. In a mixed 
sward of George Newman's, the teacher, they ate the clover as well a.s the gra.sses, 
leaving nothing but the .sttalka. They also ate the clover on the farm of yVlIieTt King, 
at Green Grove. They did not make .a Hjiecialty of clover, but they ate it without 
being starved to it. They a te both the clover and tirnotTiy in a mixed .sward of James ' 
Allgor’s. They ate Mr. Allen’.s oat-field, then went over to hi.s sward of gra.ss and 
elpver and finished that off, too. 

' Other correspond cnc.c might be cit^d to tlic same effect, but I have 
nolle which states the facts so corici.sely as the above. Some of the farms 
here mentioned are miles apart. But it will ap[»ear further on that, 
when forced into straits for food, thi.s yVrriiy Worm is almost omnivorous. 

With no special call to examine his young grass-fields, the fanner 
sometimes got his firsf alarm at sight of the disappearing cloven In 
fact, wlierever the worms appeared in force, the grasses, clover, and 
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Indian corn were completely destroyed. A friend lost forty acres ot 
newly-sown grass, with a large part of the old meadows; a very serious 
score here for one man, as with us “Hay is King.” Let me instance a 
forty-acre wheat-field of his of which the worms took possession^. The 
wheat when harvested i)roved a good yield, for it had got out of milk 
when the army made its inroad. The straw was not hurt, although 
the worms had climbed every stem up to the -head; but straw and ear 
were'ncarly ripe. It was diitereiit, however, with the low and late-grown 
stools. These they crept up, and ate through the thin, green neck of 
the plant, cutting off the mibbin-ears, which fell and thickly covered the 
ground. If the outside of the straw was not too hard, the worm w^ould 
then literally skin it, eating downwards. They would eat these nubbin- 
heads occasionally before cutting them off; but this \vas only when 
they i)roved to be soft; that is, those cars whose growth had been back- 
ward. 

In this Avheat-lield the young grass and clover were all eaten up and 
the hea<ilands cleared off. Every weed, too, w^as cleaned up. Ev^en 
that bitter nidsaiice, the Ilagweed {Ambrosia ariemisimfolia)^ was all 
devoured. With us after harvest the Kagweed takes possession of the 
soil ; but as this weed makes its appearance in summer, the spring 
timothy and clover get the start and keep this weed under. The fall 
succeeding the harvest above presented the singular spectacle of a 
stubble-field without a w^eed. It w^as sheer nakedness itself. On 
another farm, having consumed the grass, the worms took possession 
of a strawberry-licld, eating both leaves and the unri])e fruit. liildy 
gives ail iiistaiuje in which, when driven into straits, these caterpillars 
ate an onion ])atch. We must then conclude that the larva of Leiicania 
unlpuncta is well-nigh omnivorous. Doubtless when its food is tender 
and in no stint, like the Lord Mayor’s fool, it knows what is good and 
is much more dainty. 

The number of worms in that forty-acre lield was simi>ly fearful. In 
the parlance of the si)cctators there were “ millions and millions.” The 
squirming mass and the crinkling sound of their feeding were especially> 
repulsive. But few dared to enter the liehl. In truth, strong men 
turned pale from nausea, so loathsome was the sight. It really seemed 
that nature was smilleii with a. idagiie of crawling vermin. 

What governs the dire(rtion of travel of t hese worms ? Do they smell 
the new' food from a distance*? I think they do, for they cross nakikl 
roads with unerring <lirectness to the object sought. The great army 
ill that wheat-field, having finished their Inivoe, divided into two parts: 
the one left on one side and entered a timothy-tield — the other left the 
foraged land and marched straight iicioss the road and took possession 
of a corn-field. Having ruined the timothy and the corn, the great army 
disappeared, as wms remarked, “as if by magic!” But the trick w'as 
. very simple ; they had entered the ground to itksume the pupa state. 
The notion jirevails that the worms move for a certain point of the 



■142 REPORT UNITED STATES ENTOMOLOGHCAL COMMISSION: ; 

compass. Here the phrase was “ They moved towards the sea,” that is, 
south ; but in another part of the county the movement seemed north. 

Many years ago 1 saw an army moving west, but the Greeley precept 
was rife at tliat time. 1 attach no importance to the above, my belief 
being that the insect, attracted by scent, in which perhai)s the wind 
plays a part, moves siin})Iy in the 4lirection of food. A iminb of greater 
consequence is the time of the tirst movement. From a number of ob- 
servations 1 believe the time is about seven days after the hatching.*^ 
When first haitche<l they are so small that the damage they eftect is 
slow, and their feeding is restricted to the tender parts of the grass. 
After this corner the first march when they are ravenous enough to clean 
up as they go. 

That w^as a triiimidi of ])ainstakiiigi)atien(*e and admirable skill when 
lliley cleared up the mystery of t he origin of the Army Worm. Nor can 
I forget my own <lelight when, in his laboratory at Saint Louis, in June, 
1870, he showeil me the live insects which he had raised from the larvae; 
nay, more, right before my eyes was the mother Leucania xinlpiiiicta 
laying her eggs in the axils of diy stubble and green ginss. For sci- 
ence that was a grand discovery. Stiil morels the pity how few farmers 
make of it “ a coigne of vantage.” Nay, to some good husbandmen do 
we not seem in these searehings to ta^ni^er profanely: 

A ml apiin ’» tin* invstorv of things, 

A.^ if wo were (jihI’.h miko.s. 

These a]>pearings are regarded as almost minuiiilons. Says tlie per- 
idexed rustic; “TJiey come in great armies— and all of a sudden — and 
as suddenly disapi)ear.” Oi‘, as Daflie said, “ There wasn’t one there 
yesterday, but this morning, lo! a great multitude which no man can 
niimlwr.” Fnends, this is a delusion. They were there yesterday and 
several days. They do not come suddenly. Yon do not observe their 
coming, you only see tliem when they are on you in great numbers. 
Watched from the eggs their litVveareer is that of other caterpillars. 
The following slioiild enable one to observe them at their starting point 
, and to stainj) them out at the beginning: 

First. It is important to know when to look for the laying of the eggs. 
Of course rnneh depends on tlie nature of the season. Witliiisitis 
usually the liist week in June, but in 1880, for reasons alreiuly men- 
tioned, the laying was not later than the 20th of May. 

Second. Wliere should l(X)k for th<*m ? Thanks to Kiley, we know 
how the eggs look and the part of the plant wliere they are laid. The 
farmer, however, needs, if possible, to know just where on his farm he 
should look for tlu^ infested plants. think generally the graiu-helds 
are preferred by the moth when socking a nesting place for her eggs. 
But if the weather be favorable, and the young clover and grass in the 
best condition, she will also be found laying in the young grass of last 
fall’s stubble-field and in old meadows. In this case e should look tor 

♦^Ifc in in reality jj'cnei'ally eoiuewhatlator.--C. V. R. 
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the highest or closest grass — that growing in moist places. andnotJibly 
those little hummocks or tussocks caused by the dr()]>pings of cattle. 
If heat or dryness atfect their food they will seli cfc the grain-fields as 
tttfording more succulent food, besides better shelter and shade. Let 
me instance some careful observations made on four farms, three of 
wlii(jh were near together, but the last one to be mentioned was about 
two miles away. On one was a wheat-field, which covered the site from 
which certain stables had b(?en moved the year bidorc. Another part 
of the field lay low, and received the wasli of the higher ground. On 
these places the wlicat grew thick and high; in fact, too luxuriantly, 
for it became badly ‘‘ lodged.’’ These two si)ots were shady, and the 
food was sweet and tender. There were no other such spots^in the field, 
and these, and only these, were chosen by the motli.s in which to lay 
their eggs. 

Doubtless very many moths selected lliesi* spots, for here the worms 
were bred in great numbers. These spots were soon eaten otf clean — 
clover, and grass, an<l wheat heaves, and heads — for in these places the 
wheat ears were, still green ami tender. From these nesting spots they 
spread, a vuraiaous ai niy, over the whole field, clearing up everything 
that had not bt'conie too hard to eat. 

Oji atiother farm close by was a field of wheat wliieli had received 
peculiar tillage. It belonged to a Mr. Bodee, a very intelligent amateur 
fanner, wliose dear observations have been ot* substantial service to me. 
Ho holds that wheat sliould not be crowded, and should be worked 
with a <;ulti valor, mueh as we do corn; that room and eneouragcmeiit 
should be given each ]daiit to enlarge itself by stoles; that one well 
stoloned plant is better than several ])lants forcjcd to occupy the same 
surface of grouml. In sowing, the field was drilled only one way, and 
every third drill was left seedless; and in ciiltivating, some of the teeth 
of the impl(*mcnt were taken out, so that it could straddle the double 
rows. In this way tlie field was gone over, both in the autumn and iu 
the spring. There were but three little spots where the wheat had 
lodged, all of wldeli w(ue breeding-places for the worms, from which, 
after eating them off, they spread over the field, but seemed to be com-, 
parativoly harmless; for the tillage ineiitioned let in the sunlight aud 
quickened the ripening of the grain. It wuvS noticed here that the birds, 
having more wing-room, were quite busy feeding on and carrying oli* 
the worms, a fact not observed by us in any other wheat-field. Per- 
haps the cultivator had mellowed the ground, for the worms, during the 
hot sunshine, buried tlieinselves^iutlie cultivated space and were easily 
unearthed by the birds. 

Iu a field oil another farm the' wheat was somewhat thin; but on a 
spot where a compost had lain, the wheat was rank aud thick. There 
the worms bred, and, after devouring their nesting place, they spread 
oxw the field. 

The fourth field of which the particular facts must be given, is that 
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forty-acira wheat-field already in^taMced. TMe sdwitig took at te^wit 
twice as much seed per acre as was used by Mr. Bodee’s method/ It 
was drilled in oue direction, and then drilled across at right angles 
This secured a crowded growth. During the summer pi'ccediug the au- 
tumn sowing, the field had been used by a horse dealer to pasture a 
large drove of horses. Of course their ordure Igll everywhere j but in 
many places where the ’animals had stood in groups the droppings had 
fallen in quantity. Here I must recall an acquaintance once had with 
a farmer’s boy, named iS\?d. He had a way at time of w'heat-sowing of 
patting a shovelful of maiiure and an extra dro]>ping of seed in a few 
s^mts in the field to make wiiat he was jdeased to call ‘‘King hills.” 
And it was easy telling wdiere tlie lad and his shovel had been, for Ned’s 
■ “King hills^’ alwa^’s outranked the rest of the field. And it w'as simi- 
larly with that big wheat-field. It was a si)Iendid flight, the close, dense 
growth, and high over all, in many places, those stately “King hills” 
were conspicuous. Now' comes the notable fact; every one of these 
spots was chosen as the nesting place of myriads of the mother moths, 
for the number of eggs laid in them was enormous. These spots were 
to the Army Worms shelter, shade, ainl food, but so crowded wms each 
of these larval communities that they soon ate themsidves out of house 
and home. Then came an immense dispersion. From every “King 
hill” went forth a liniigry band into that grand foraging ground. The 
wheat, standing so close, had by its shade kept the undergrowth pro- 
tected from the drought; and Jiow it sheltered these marauders from 
the sun. It was but a few day.s before that these foraging bands, by 
their spreading, had all met and made up a vast famished army, which, 
driven into straits, must uonv devour eA ery comestible thing or starve. 
The observed oceupauey of the field was seven days; that is, from the 
time of the dispersion of the foraging army to ilie time when it h ft. It 
was quite common to hear it sai<l that a certain field was eaten up in a: 
day: But such people “take no note of time.” 

Leucaiiia, the parent of the Army ^Vo^m, ranks vcjy resi>cctably 
apiong the Lepidoptera. She i.s one of the. owlet moths, and her owlish 
^capacity for natural .seleetioii inipresses me proroumlly, 

i-H fiiii* in love: 

It .Sfsi!!*; )iri-cii>ns ul' iJiii;!:’ 

tlu'. lliiij;£ Jt l4»M d. 

T find SO much precision in insect wisdom, such a knowing method, 
even in the inopagation licnzy. And I think Leneania’s conduct is in 
point. True, then* is no binl-like brooding over her trust. Let us get 
out of the laboratory and watch lier whiue, not liampered by the inqiiisi-v 
toriat rcsliictioiis of the breeding-cage, she has Nature’s airy freedom,’ - 
ami ■■ 

Tlio woiiA iH fill before Ibcm, whence to cbouse : i v 

Tbcir neBliuj; . \ ' / 

And this maternal 'moth shows such good mothering in her'ojhQttei i 
The kiiQwledge ol‘ this nicety of her selection of a nidus is of i^'eui eebr 
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^ I the flitting habit of liet^ 

HaWk-jnoth-^J/aem?;hi quinqueMaculata-^i^2ix^ut 
; ; ■ ^Uniost with a shudder one reuibiubers that 

when the potato-fields were ruined as if 
^"..vbjr fire^ and the wagon wheels reeked with green dripping gore as they 
^ entered our villages. This moth deposits her. eggs on the under side of 
tile ipotato leaf, but only one or two, or at most a very few, on each 
plant; hence the distribution is pretty unilbriii over the entire field, 
i; Though it may seem above that the parent of the Army Worm has 
I fair intelligence, we may not think so well ol her larval offspring. That 
beautifid lawn of Hollywood, at Long Branch, was invaded by them. 
The emerald sward was swept as if burnt. When any of the worms 
came against a tree they went np it, passed over the crotch, then de- 
scended at the other side. Twelve or thirteen years ago a corner of 
OUT country was visited by the Army Worm in large numbers. Having 
stripped one field they marched for the next, but were intercepted by a 
small runniiig stream. There is no turn back ” to this singular worm. 
On came this great automatic army— no halt — until, crowded forward, 
a compacted mass was urged on to the water to serve as a living pon- 
toon. over which the army passed and took possession of the new Ibr- 
ground. This crossing of running water has been noticed by Mr. 

Biley. 

Monmouth is an old county, and the farms generally have been much 
reduced in size by frequent divisions. Grain and grass fields run from 
ten acres to forty, bnt the latter figure is very high. As we have de- 
scribed, each Meld from a few nesting spots would originate an army^ 
Some of these iiifestc^d fields were liiiles apart, the intervening territory 
being exempt. 1 got returns of twenty of these armies in one township. 
There surely could not be less than one handled in the county. They, 
seemed to have a peiiehaiit for the best farms. 

■■ ■■' Ik-' 

LKl' us BECAl’lTUJ.ATE. ji. 

1. We can localize the breeding jdaees. The mother moth selects th^ 
thick and shady si)ots in the, grain ftelds and meadows as the right pla^s 
in which to lay her eggs, thus securing for the larvaj shelter and tender 
food. 

• , ‘ 2. An army is made up of bauds, each band having its own breeding 
®?id these simts are centers of dissemination. When these nesting 
‘ spots are eaten off the bands spread, traveling in the direction of foody 
. uniting, when, so to spe<'ik,,tho clan reiation is lost. They now 
one hungry and marauding army, set in ‘one course and impelled 

,W® iiSpulse. It is at this point of their career that they are geuer- 
.first noticed, and the averment is made, “They have come all of d 

if / to the worms. It'lmakea the coaditaons 
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of harder for them, le$s shad^ moye heat, earlier 
; giiicker toughening of grass and grain, and greater freedom for 
-vbirds.' . • . ■ . . 

WHAT SHOULD HE DONE. 


‘ 4, Till uni forinly, and not too close. Y on may get less wheat, but you 

will get better, and the worms will thro worse. 

5. Try to find out wliere the caterpillar originates. Beginning early 
in May, watch the thick spots and tlie darn]) places in meadow and grain. 
This inspection is especially called tor if tlie winter has been mild and 
the spring is warm. As described by Biley, the eggs are very small 
• and round when first laid, of a glistening white, but becoming yellowish. 
'They are laid in stringy groups containing from five to twenty eggs. 
’They shuuUl be looked for in and near the axils of the leaves; that is, 
111 the spout-shaped parts of the blade, 3»ear the stem. In this hollow 
^f the loaf the eggs are glued, ainl soimdimes the two edges of the leaf 
are so drawai togviher iliat the eggs look like a wliite streak. Should 
you find the eggs, it in quantity, it might not be practicable to attempt 
collecting them, but you have found a breeding spot, and it is now j)OS- 
sible, and without injury to tlie grain or grass at this early stage, to ex- 
ttinguisli the w orm with a weak solution ol* London purple or Baris green. 
If the spots arc small they could be cut out wil h a sickle and led to stock. 
If the eggs arc hatched the crinkling sound made w hen fecnling, wdiicli is 
in the early evening and Just before the niorniiig dawn, will to a good ear 
betray the presence of the larvjc. 

Our Army Worm is Lcumnlu unipunvAa^ for there are other caterpil- 
lars which are w rongly so called. The moth is 45"”" or about inches 
in expanse of wing, and 24""" or about } inch in length of body. The 
color is very plain, being a reddish-brown or cinnamon, wHth a double 
white spot or blotch on eacli front wing. 

The insect is w it h us the w hole year. In the pnj)a state, in the ground^ 
cr under stones and otiicr bodies, they pass a large part of the year, in- 
cludingthe winter, w hile many ]]erfect moths hibernate under the shelter 
of some concealing object. In the spring the mother moth devotes her- 
self to egg-laying; wddeh done, a day or two sufiices at most, when she 
dies of sheer exhaustion. The appearance of the one-spotted Lcucania 
in large armies, as a rule, can only occur after intervals of several years. 
/The weather conditions w hich caused their appearance in Kew Jersey 
in 1880 in such aiiiaziiig numbers w^ere very remarkable. The winter 
liad been so exceptionally mild that the moths came safely through 
liibemation and in large numbers. ' A rainless May, and unusually 
warm, brought in, in etfect, a premature summer. Early potatoes failed ; 
<501*11 had to be rei>Ianted; rye was in ear in April; wheat began head- 
ing by the 12th of May, ami such was the heat that the filling of the 
«ars and the getting out of milk follow’cd fast. Wheat-cutting begah 
June 18, and at the end of the^ mouth the harvest generally was oyeir, 
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neftrfy; three weeks earlier tliau li^iml. And not only was Leucania tmi- 
affected by the Aveatlier conditions of that reiiiarkable year, but 
the insect tribe generally. 

NOTEvS. 

1. Since the foregoing was written 1 have seen “ abstract of a paper 
on Leucania uniimncta^ read by Prof. C. V. at the Ihxstou meeting 
of the A. A. A. S., August, 1880. lie says: “ In the latitude of Saint 
Louis there are two, souietiincs three, generations in a year, and, per- 
haps, even four; and farther south a sncee.ssion of generations, scarcely 
interrupted during mild winters. Probably in Mew England there are 
two generations, the second one being < usually unnoticed,’ aud existing 
through the autumn, winter, and early sjning months. 

<^It is an established fact that th(‘ species hibernates both as larva 
and as moth, with strong eircnmslantial evidence that it also liibernates, 
particularly northward, as a chrysalis ; but we have no evidence that it 
can hibernate in the egg. 

‘‘Excessive injury may result from natural local increase, or from 
moths flying in great numbers from other lucalitii^s, and concentrating 
in i>articular flelds. Dry seasons arc favorable to the miiltiplicatiou of 
:ho insect.” ’ 
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1880, p. 114. 

[Variations; two brood.s ; liilni nation in rr.olb stal^.] 

Riley, C. V. — “Arjuy Worm .niid (’anker AVorni AVi.sdom.” Prairie Farmer, vol. xviii 
(new .scries, 18t56). ]». 88. ' 

[C'onects nd>takr' iii.nli* at ’\\'e.Mlcrn N. T. Fruit G i owers’ Asscicifttion, ns to identity of 
Army AV'oim with some ucc caterpillar.] 

Riley, C. V. — Second Annual Peitort of Stale Kjitomologist of Missouri, 1870, pp. 
37-56. 

[Other In.'scct.s known as ArmyAVonnH; p.ast Id.-tory; Fudden appoaranco nnd disappear, 
ante; natural Iji.story ; para.sifes; habits and suggest ion.s for its deatinction, &c.] 

Riley, C. V. — “What are At my Worms?” N. Semi-Weekly Tribune, Febrrtary 6, 
1875. 

[Gives difference between Ln]diygmafrvi}\p*‘rd(t\\\\\\Leucaniaunipuncta.\ 

Riley. C. V.-“J 'he. Army Worm: Au import ant fact yet to ascertain in its natural 
history.” N. Y. Semi-Weekly Tribune, j\oveml)(‘r 16, 1875. 

[Figures larva, piipa, and adult; also four parasile-s ; gives probable locality and appear- 
ance of offg.i.J 

Riley, C. V, — Eighth Annual Ixcport of State Entomologist of Missouri, pp. 22-56 
(1876). 

[Term Army AVorm applied to various iuRcets; p.aet history; vox nal differences; natanl 
history; descrixdioiMof egg; where the eggs are laid ; wlicn the eggs are laid ; in what state 
does the insect hibernate; habits of worm; time of appeoranco; number of broods. Pall 
Army Worm; food plants; sudden appearance and disappearance; natural enemies ; reme- 
dies; summary.] ^ i 



Riley, C. V.— “The Army Worm: Additional Notes on the Mode, Place, and Time of 
Ovi position.” Eighth Animal Report of State Entomologist of Missouri (1876), 
pp. 182-185. 

[first amioxHicemcnt of the discovery of the eggs.] 

Riley, C. V. — “Biological Notes on the Army Worm.” Proceed ings of American Asso- 
cialion for the Advaiieement of Science, xxv, pp. 27P-28:] (1876). 

r Figures larva, pupa, and adult; describes eggs and all (MJier stages; hibernation of 
mollis ; two broods at Saint. Louis.] 

Riley, C. V. — “The Army Worm: Its N;itural History Complete.” Rcienlitic Amer- 
iesm, XXXV, p. 372, December 9, 1876. 

ITlio pajier read boloio the A. A. A. S., 1876, pojnilari/od and tsoiidcnsod. Figures and 
(l'-sciibf38 all stages of Levr.ania \iniininct^J\ 

S^Riley, C. V. — “ Oviposition oiLmcauia unlpunctay Amerierni N.iturnli.st, vol.x, (1876), 
^ lip. .^!).!i-509. 

Ht^ey, C. V. — “The Anny Worm: Further Notes and Experiments thereon.” Ninth 
^ A-immil Report of Entomologist, of Mi.s.soiiri, 1877, ])p. 47-50. 

I Number of annual geiuM aiions; suiuniary of natural liistory.) 

Riley, C. V. — “ Com]»lete J J fe History of the Army Worm (Lcucania vnipnnda) and its 
p.'irii>ites.” Miiss.'ie.lnisel l.s xVgriciiltnrMl Report, 1878. 

[ Walker Prize Kwsay. Largely taken from tlie rtli arid Otli ^Missouri Kntonndogical Reports.] 
Riley, C. V. — “TIhj Norl.liern Army Worm.” Amorieaii TOntomoiogist, iii, 170 (1880.) 

[Characters; nritnral history ; rernctlics; summ.ary from 9tli Alisaonri Kept.; figures of eggs, 

9 genitalia, larva, puiia, adult.] 

Riley, C. V. — “ Further Notes ami Observations on the Army Worm.” American En- 
tomologist, iii, 184, fiml continued on p. 211 (1880). 

[Ninnl)or of aniuuil irenerations ; how the insect hibernates, the destrur-tlvo generation 
probably not the. first of tlio season; iiow far luirniug over is a provent.ivo; connection of 
wet and dry seasons with Anny Worm increase.] 

Riley, C. V. — “Tlie (huiuine Army Worm in the West.” Ameriesin Naturalist, Sep- 
tember, 1881, ]». 750. 

[A Bhort notice of the .appcarajice of the Army Worm in Illinois and 1111.6.11111.1 
Riley, C. V.— “The .\rmy Worm vh. The Clover liny Worm.” Rural New Yorker, 
.June TO, 1882. 

(.-Vn aci omit of the api'cnnince of the worms in Tennessee .and Alabama, and of the mis- 
taken views of jdaiiiers « ouc.erini\g the oi i'.:innting of tlie worms in old clover lands, arising 
from jicoiifiisiou of the Aiiuy Worm willi Mu; (.'lover Hay Worm.) 

Rural New Yorker. The- Army Worm.” June 12, 

ILnicanw unipunrfa apperirs on Long Island, N. Y., in vast nninbers, and js very dcstrnctivo 
to crops.] 

Rural Worl<3. — “The Army AVorm.” Ang. 4, 1881. 

f.-Vn .acroMut of ihe damagt; done in Llliuois in late. .July by tin* W'orm.s, principally to oats.] 

Saunders, Wni.— “Aiimial Addies.s of the Pnvsiilent of tlie l-hitomological Society 
of Ont ario.” Oaniuliaii Entomologi.st, xiii, 197 (ISSl). 

(Oiipp. 198 and 19U, speaka of tlu' Army Worm a.s double brooded, and probably hiber- 
nating in the larva stale; and prtMlictB comparalivo oxeinptiou in 1882 in Ontario.] 

Scientiiic American.— “Tim Army Worm.” .Tuim 16, 1880. 

1 A short account of tho ravages on Long Island. 1 

Scieritific American.— “Tho Anny Worm.” Juno 16, 1830. 

[A lengthy Illnstraicd account comiwled from Riley.] 

Scudder, S. H.— Canadian Entomologist, vii (1875), p]K 178-179. 

fA report of a mooting of tho Eiitoniologio.nl Club, A. A. A. S., in which Mr. Scuddor re- 
inarkod on thoahmidanco of tho Array Worm in ALissuclmsedts.] 

Scudder, S. H.— “Recent. Progrc?sa of Entnniology in N. A. Fjr.s1. annual address 
of tho President of the Cainliridge Entomological CInb.” Psyclu), ii (1878), p. 97. 
[Onp. 113, iJirpviowing Thonia-Va Illinois Kcpoit, especially mentions his couclnsions that 
Lcncniila ia normally a out-worui, and oall.s attention to tho fact that it has no sciontilio 
basis.] 
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Siiurtleff, C. A. — “Tho Army Worm.” Pi‘occ<’(liiigH Essex Institute, iii, 193^300 
(Ju]y2, 18()2). 

(Qa()te.s oxtouMivoly from Fitcli, Kirkpiitriclr, ami Wiilsli { describes Microgastci* cocooua 
as Lcucauia t-gg«.] ’ . , ^ 

Snow, F. H.— ‘‘Not the Army Worm.” Lawroiico (Kansas) Journal, July 28, 1880. 

[Au iiccouut of tlio Eurycrcon rantalis of GiieiiOo, mistalicu iu Xausas for tl>c. Aruiy 
■Worm.] 

Springfield Republican. — “Agricultiiral D«‘partincj)f.’s View of tlio Army Worm.” 
June IG, ]s80. 

[Notes oil aiitlioiKy ot J. 11. Coiusloek in regaul to Eciicania vnipuncta, ami inotles of do- 
stnningit.] 

Staintoii, H. T. — “Tit ucMula extianra ” Knloinolouist’s Aniiu.'il, 18<i0, pp. 121), 130, 

[Xolosot' till.' eaiiture of tliis inotli :it llie Isle of W'iglil iind at LeWes.J 

Stephens, J. F. — ‘•NihImu iuiiuincfa.” .SysliMiialii; Cataloouo of Brilisli Insects, 
1820, ii, p. 101, No. (13ri0. 

Stephens, J. F. — “Noctna iinpuiicta.” lllust rat ions of Britisli Entomology, Ifans- 
tellata. iii (J8*J0,», p. 8n. 

[Drscnbi’s the sihh iuM M found iu Haworth's foliet tion, hy inisiiiki-, as iiistoiid 

of iiniiniin'fa.] 

Stephens, J. F. — “Noclna unipnni*ta.” List, of llic Li‘jnilo[»tora in the British Mu sen in. 
1850, p. 280. 

Sun, N. y. — Sninlfiy, Jiiin* 20, l-SO. 

[A h'ligthy iiiticliv ju iiicipnllv an interview with J‘rofessor Kih.y, enjitaiiiing a good siim- 
inary of present know ledge »tf l !:«‘ Auny \V»)nn.j 

Templiu, L. J. — “'llic Army Worin.” Dhio J-’annor, .Sept. 23, lv87l). 

Thomas, C. — “ Fiirtla-r IVom tlie Ariny Worm.” I’l-airit' I'anmu-, \ ol. 8 (new series, 

1801), p. 100. 

[Finds eoricerning the wmiiis indaekson <.'o.. 111.. Isdl.J 
Thomas, C. — Aimy W i>rm.” lliinoi.s J‘’armei-, .Sejdomhrr, 18i»l. 

[ Dt'scrila;." lai va. impa, and adult ; and advises plowing under the griisn wliilo tin; worms 
are yr-t .sniali.j 

Thomas, C. — Army Worm (Question.” i'lairii; I’-urimT, vol.8(iie\v Series, 
p. 21).h 

[C’oTitvovi i sial aiiswei to Wal.-di s tiieory of egg l!il.iei natioi! : lu lieves Id.s first notion as 
toiidoiihl*' l.nood" incdirect . j 

Thomas, O. — “Army Worm Qi:esiio!i (,'oiii imual.” I'miiie I’arnmr, vol. 8 (now so- 
ries, 18(11), j»f). :'»0i;-3'.;7 oointisiis). 

[1.-. in_-s ijp niaii,\ lUiients agiiin-t hihernal ii»n. atid in fa\ tir of juipal hihernat ion.] 
Thomas, Cyru-s. -“Tim Aniiv \N orjii.” rr;iiri«! I'arnirr, vii (mjw series, 18:11), p. 
3tI3. 

Thomas, Cyrus. — “Tin.' Army Wmii:." I’rairie Farmer, vol. 7 (new series, 18(11), pp. 
393,400. 

[Figure.s kirvii. .'ual pajja. witli di . eripi -ons^ advi>e> a.s n nied.> to jdow iiiuler the. infested 
ci'oj) and Sow witii eoin. ininip.s, or hai kv. ia-at.j 

Thomas, Cyrus. — “Auny Worm.” 8ixih iveiuni of llm Sttile. Entomologist of Jlli- 
iiois, 187(1, j))). 

jCall-M the iM i i:;:dly it eiil-v. onii, and stales that tin; rr.urehing habit is abiioniial; 

brings tip ohs« rvalioas l.o pMive ttii.s.) 

Thomas, Cyrus. — “'lMn;Army Worm.” Te<iili Eeport of the 8t:ito Entomologist of 
Illinois (188M), pp. 5- 13. 

[Pnat lii.story ; Natural bi.slory, and deseri|)ti»uj ; Fggs; Larva: Pupa; Motb; Tenua of 
life; l)ylc.=< of f iijdnn s of tin inolli ; Notiee.s of Hie larvnj; Xinnbor of luood.s niid hiburna* 
lion ; Proper iumn: of llio spia-jes and rluuaeier of .senHoiuf 1‘avorablo for its di velopmeut; 
lifciiUMUfil agt^jciert.J 

Thomas, Cyrus. — Cnmiftijiu Knt<»rnologiHt, xiii, 18I (1881). .( ■ 

[ Reiuai kM before the KTit<iTiio!ogical Club of t Im A. A . A. S., as to the duration of life of the 
Auny Worm. Coitcluyioua disputed by Prof. Jiiley and Mr. Hunii.] 
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TBontaiy Gyrus. — “Insects injuring lield crops,. tuid I'orecjists in rolerence thereto 
tor next year/' Farmors' Reviow, Nov. 24, 1S81. 

[Pretlicts the n))]>earHnoe of the Army Worm in w moist season follewing a dry one.] 

Wait, Wm. S . — “ The Army Worm.” Missouri Reporter, 1812. 

[History, habits, .'iml niodes of iiw^ventioii.j 
Reimpr.—ljjlioii Agriculturist, ii, p. 53, 1812. 

Walker, P. — “Lcucania extniiiea.” List of Ihe Lepidoptora in the collection of flio 
British Museum, part H, speeh^s 32, under Leaicania. 

. Walsh, B. D. — ‘‘Aniiy Worih and its eiUMiiies.” Braii ic Fanner, vol, 8 (new scj ics, 
1861), p. 4. (One colnnni and ;i hall.) 

[A. popular account of some of the {.arasilos of llio A noy '\V(>nii.] 

Walsh, B. D. — “ The Army Worm.” Frairic Farmer, vol. 8 (ne\\ sm ii s, 1861), p. 257- 

2o8. 

illoMs tlial hibi'iiuilo, aiul that sjuin^ hiiriiiii^ is an tlii rtiial uMnudy ; dustM'ibcst 

ll>M-kt:ria 'perjiiiLrJua. aiul i;ivos iiotrs tm t)tlu r parasitrs.] 

Walsh, B. D. — “TJie Army Mh)rni Question.” i’raii ie Farnier, vol. 8 (new serie.s, 
1861), pp. 370,377. (6 eolinnns). 

I Kopiy of Kcii.j. I>. Walsh to Cyi iis Thoinas lUi tin* ({Uvsiion of ijilioi iuil Ion,] 

Walsh, B. D. — A'alley Tarmer, xiv (18<»2), p. 161. 

[Corn ets luistakos of K. S, AVashiugtoii and rnnarks on the ( (•(pjouiiy of the Army Worm 
para.sitt'H.] 

Walsh. B. D. — " h'roin Lhaijamin 1). Wal.sh.” Illinois Farinei*, (tidnhrr, 1661. 

[(hu rocts TluJiiias for .sialiUL’’ iliat ho ( W'alsh) holioMaljji llm liilioi uatioii of tlio pupa, of 
Louoaiiia.J 

Walsh, B. D. — “'Phe .Vrmy Worm Qneslion— Mr. Walsli's Wepiy.” Field Notes, Doc. 
11, 1861. 

[Conti ovovsial answrr to Kltp]>art’s article of Nov. 3ti.J 
Walsh, B. D. --“'J’he. Army Vform ami its ijisoei foes. The rejiiedy.” Transaetions 
Illinois State Agrienltnral Society, iv (1861), p]>. 31'.) -372. 

(This i.s pail of tlio •.*>Hay eiitif led “Insects iii.juii«»ii.s t o V<ni-liilifni in Iliinois." Fiiiurcs 
larva, pupa, iulnll, and parasih's, f.)rsrrilM-.s Sriiomrfopia nillicn.-itt. J*>\r<.>nnn.iitib’ iiiiaimiig, 
r III ‘iititriff, (.'halcix uUiij'fiins, and (iljjihc Advisv.s. as iviinaly, Imiuing 

fame >;va.'*.s in «ii ad ol y.'iO'.J 

Walsh, B. D.-“The Ai iny \\'oi!ii.” rreniiiim ossa y on iiis*‘ciM injurious to vegcTa- 
tioii in' llliimis. Tvaiisai tion.s Til. St.ale Agr. Soe.. v. l>61- '«')4. p. 470; 1‘. S. 5Ul. 

[Fi;:im .'s lal ^■il. piip.'i, adtjli, ,S'.w. ./o/7.i/o’»c inllifnris. f\ r-'uini-fiiti; ('/t-fhiii fil’n'/roni, 

Miii'/i-lihru.s iulr ■/%. lio /V'/a.M'fy »///*•. a jul (n’riil,,- I’liMcipaily coiilrove: sial, 

iiplioldinj; « liilirrii.iiiou. { 

Walsh, B. D.— “Fopular imine.s Jor insc-et.s.” J’nieiieal Fii f nnndogisr, i, 97 ( 1 866). 

['I'iic tevt ftir this ai is the aniioiiui'ciiieut in the 8:ii iaiiii i\lo live of the appearance of 
the “ lly ' ef iln- A I my \N'oi ni.j 

Walsh, B. D. — The ilr.ee so-ealled Army Worms." rraeiiiul Fn fosiiologisl, ii, p, 
U.1 (1867). 

Walsh, B. D. — “Tile Army Worm and it.s insect fnes,’’ Fraii ie Farmer, vol. 8 (new 
.series, 1861), pp. 8 123, 337 -3.3)'. 4-* ’.55. 

IF ignres liir^ a, pupa, and adali : a!s«i J^i-nriata L uiUniiv.VcmnafhxtH^ IJockcrixt. 
ter, dinphf'; goes facr's in favor of hibriiiaiion ; desvvilies vi ry earidully inoUi and larva, 
and giviNs habit s. &c.J 

Walsh and Riley. — “I'lie true Army Worm.” American Fniomoloei.^r, i; i)p. 214, 217 
(1869). ♦ 

[Figuics larva, pupa, jidiilt, and r:.voris(n viilififiia. AValsh. Habits; remedies; para- 
sites; siri;;lo brooded: laay .soint-liines be a friend by devoio in;; ches.s, or by strip] .in g olT 
bladesuirectwl with nist ] 

Washiugton, E. 8.—“ The Army Worm.” Valley Farmer, xiv (1862), p. 161. 

[.States that the worm is viYipiiruus, having inislakeii paraSilie lavvm for young Army 

' 'Worms.l 
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. >iyebstor/^^F M.-^<*6T>servations on the Army Worm/r Our Homo and Scienbe CkMf- 
■ 8il>, Jnnnary, 1B82 (continued in the February, 1882, niimbor). V ; 

[ <.)l)serrat K)iis in JlltuoiH, during 1881, on chorsictor of infosted deklH, xramboT of broods and 
* pnraMitcrt.J 

Webster, Noah. — Pesfilentijil Diaoascs, i, 2.')9. 

[Quoted by Fitrb conopining the worms in 1770.] 

Wiley, Beiij. P. — “The Army Worm/' Prairie Farmor, vol. 8 (now serica, 1861), 

1». :i7. 

[Cbaractor of info.'ited fu'ld.s : longtli of life ; clover eaten. ] 

Wislizenua, Dr. A. — “The Army AVorin.” Journal and Protjoedings Saint Lonia 
Academy Science.s, ii, i>p. l.'SO, !(>(). 

[Gives a fair life-history of tbo iuacct, bat wrongly identities it as tho European 
flrraxntnw.] 



CHAPTER VII 


CANICEB AVOKMS. 

The term Canker Worm has fonncd the heiuling of so many articles 
ih the various agricultural and liorticiiliural journals and inagaziiies, 
and State and other reports, during the last twc^nty or twenty-live 
years, and the natural history of tliese insects Inis been in many par- 
ticulars so fully given in standard works, that one almost wonders where 
there can be a reading tVirnun* who does not know how properly to cope 
with them 5 yet inronnation is constantly sought oji the subject, and as 
it is OJily of late years that some essential facts have been fully uiider- 
stood, we propose to bring together here whatever is necessary to a 
complete understanding of these pests. 

To obviate misunderstandings in the outset it should be stated that 
two quite distinct insects have been reeogniztjd as properly bearing the 
name of “Canker Worm,’’ while this name is frequently apiilied inqirop- 
erly to iiumerons other insects. 

The true Canker Worms of this country are native species, and are 
confined to North America. One of them, however, Aniaopteryx pont^ 
etaria, is closely related to an Enrojiean si)ecies, Anisopteryx macularia^ 
and resembles the latter so closely, in its adult stat e, that the two may 
easily be confoiiiided by the iiieAperieiujed observer; moie easily, 
indeed, than onr two native si)«*cics with each other. The distinctive 
characters of the Aineriean and the European Anhopleryx^ even in the 
adult stage, are sulVicient, liowever, for r<‘atly discrimination by the 
trained observer, and those in the immature stages are still moi e evident, 
as will be sliowu hereafter. 

One of the characters which all spe(*i<‘s of Canker Worin moths have 
in common is the possession of ample wings by the male and the lack of 
wings ill the female. It is iqiouthis peculiarity of the female that most 
of the iiropositions of remedies are based. The females generally be- 
ing able to move about, or make tlnnr way into ilie trees to deposit 
their eggs, only by crawling, any etlieient means of preventing them 
from ascending upon the trunk to the branches of the trees will 
largely aid in protecting these from damage by the worms, and, if ac- 
companied by such measnres as will irre vent the newly hatched worms 
from ascending, will prove a perf#3ct preventive. 

CLASSIFICATION. 

Canker Worms are distinguished from most other caterpillars which 
Attack the apple-tree, by having a less number of.fleshy supporting legs 

' ■ 157 - , 
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under the hinder part of the body. Tlio normal number of such so- 
called prolegs in caterpillars is ten, while the Canker Worms have but 
eithei^ four or six. The lack of the foremost prolegs obliges them to 
span or loop in walking, from which habit the characteristic names of 
Span Worms, Measuring Worms, and Geomotrida:^ have been given 
to them as well as to the other members of the family to which they 
belong. 

The generic name Gcometra,, from which is derived the family name 
Geometridcc (meaning “of the Geometra family^’) signifies a geometer or 
measurer of the earth. 

The name of Gvometridev is by many authors .at ihc present day con- 
sidered to apply only to aresirictetl gronp in the larger family of the 
PhaJfvnida\ Avhile by other authors the same name is a])pli<Hl to the 
larger family. 

In either (‘ase this laij:;er family is diiTerontly sub divided by diflerent 
authors; thus, llaiTisi>la(a\s theCanker Worms in the family 
Ciient^e in the family llyhcmida^ and Packard in tlie subfamily Boar- 
mbuv. 

This family, GenmvfruUv or Fhala nida^ fornusone of the main sub-divi*. 
sions of the order Leyidopiera, 

Without describing in detail llie structural cliaracters of the order or 
the family, which would I)e iiiai>pro])riatc in this special work (although, 
of course, the Canker AVornis must partake*, of these characters), we will 
mention here certain particulars wherein the Canker Worms are peculiar 
or specially characterized. 

Dr. Packard says that “although it is stated that the BhaUvnidm 
have no ocelli,” he lias “found tliat they generally occur in oiir s])eeievs; 
though, compared witli those of the Noctnidiv^ they are small, and easily 
overlooked. They are situated very ii<*ar tlie eyes, ]i>sually on the su- 
ture between the epicrauiiun and occiput. ♦ * * They are present 

or absent in dilferejd; species of the same genus. * * * Jt is a ques- 

tion whether they arc ever of use to the insect, as, in most eases, they 
appear afe if partially aborted, and their i)resence and abvSence in difterent 
species of the same genus show that they are not very essential to the 
life of the insect.” 

TWO DISTINCT INSECTS CONCERNED. 

There are two distinct species working on our elm and ap])le- trees as 
well as on sonic few other shade and fruit treius. The two liave very 
generally been confounded, and it is very important that their differ- 
ences should be understood and kei>t in mind. 

In our Seventh Annual Pe]5ort on the Insects of Missouri, we illiis- 
trated and explained the differences in habit and structure between the 
two, and ga^ve a detailed conqiaratlve description of these two inseetB; 
in their different stagVis, the descriptions of the moths being but slightly;; 

«Mono{fra|>h of the Gt?f>inetrM Motli-*, p. a{»7. ; " 

^Gueut^e, UrauiilHS et l*hi<l6iiiteB. V. 1 ; Geu6ralit69, p. 21. 
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altered from tliose originally drawn np Vy Mr. Mann, to whoiii wo were 
under obligations for specimens of pometaria in all stages, and for the 
use of his notes. 

Further investigations, during 1S75, enabled us to eoinplele still more 
fully the cbinpaiisons previously instituted, and showed that the struc- 
tural dilTercnces were greater than we liad at first supposed, in conse- 
quence of which we were led to separate the insects geuericadly in a 
Xiaper, read October 11, 1875, before the Academy of Seieiiee of Saint 
Louis, erecting the new genus, for rernata, and retainingpowie- 

taria in the genus Ani)iopieri}.t\ to which it ahme of tlu^ t wo species can 
be referred. The following table of dillVi-mices is takmi fjoiii a reprint 
of the above-mentione<l paper, wliich aj>])eJir^Ml in our Kiglitli Missouri 
lleport, with only such changes as are iHM't‘ssital<Ml by the projier ref- 
erences to the ligur(‘s and liy subsctqueni. observations. 

Pahacrila vernaia. Aufsoptn'nr pomdarin. 

Elliptic-ovoid, tli<* shell of dolicjitc tex- Sqii.iroly d«n‘k<*rl ;il ioj), with a ceutral 
(uro and quife yielding-; generally ap- jmneinre and a inown < irrh' near the bor- 
poaiing shagreened or irrcgnlarly ini- der ; of linn texliire, and laid side by sido 
prcKHcd ; na( leoiis, and laid in irregular in regnlrir rows and eonq>aet balehes, and 
masses in st'crntedplaoes. (PI. Ill, Fig, 1,/^) gein*i;dly eN]iosed. (PI. Ill, Fig. 5, a, e.) 

Noivrolcgson,i..mt.8. (fl. llf, Fig. 1, a.) 'Villi a pair of wliort l.iit distiiiot pro- 

legs on joint 8. (PI. Ill, Fig. 5, /.) 

Mead distinctly mottled and spotted, Head very indistinctly spotted, and 
1 ho top pale, and two pale transverse lij»es dai-k on top. 
ill front. 

Uody with eight superior, narrow, pale, Only si.K superior, broail, and very di.9- 
longitndinal lines hardy diseeniihle, the tinet pale lines, tliose eaeli side eqnidU- 
two lowermost much farlhcr apart than taut, 
the others. 

Dorsum pale, with median hlaek spots; Dorsum dark, without ornament; sub- 
tiuhdorsal region dark; stignnital region dorsal region ])ale, stiginatal region dark, 
qiiite 

IMl Morons 8])ot8 quite visihlo and largo riliferons spots siibohsoletc. 
on joint 11, where the pah.^ lines generally 
enlarge into white spots immediately in 
front of them. 

When newly hatched dark olive-green AVhen newly hatched pale olive-green, 
or brown, with black shiny head and cor- with very pale head and «ervical shield, 
vical shield. 

CIIKYSAUS. 

Formed in a siiiiplo earthen cell, the Fornnnl in a ])erfeet cocoon of fine, 
earth eompressed, and lined with ver/ densely spun silk of a buff color, inter- 
few silken threads so as to form a fragile w'oveii on tlie outside with particles of 
cocoon, wliich easily breaks to ineccs. earth; never breaking open except by 

force or ])iirpose. 

Malk — S parsely and shallowly pitted. Male — Punctation very faint, more or 
Palo grayish-brown, with a greenish tint less obsolete. Dflrkerbi own than 
on thd wing-sheaths, which exteiul to the the wing sheaths, as in vernatay reaching 
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FaUacnia vcrnata. 

posterior ed<^e of tlie 5tli alidoiiiijial Joint ; 
abdoineii Avitli tin* spine at tip generaily 
simple, and only oeeusionally slij^litly Id- 
fnrcate. 

Ffmalk—AVUL \viii5^-slM-atlis, but com- 
pared ^vilU tiiose of tlio male, Ihinm raiid 
extending only to the posieiior edge of 
tlie 4 til abdominal jiaiit: inm li nmiv ro- 
bust and more andual dorsjilly, witli (he 
mesotlioracic j»>int slioi ter, and inin'h ic- 
duced in size. Pitted like (he male. ;P1. 
Ill, Fig. 4.) 


■ ^ AniffojfttTfix jjdmcUina, 

to tbo 6tli abdotiiinal joint; tlic aunsmdre 
blunt and ^vith the spine more dorsal, de- 
curved, and always bifurcate, the prongs 
spn-adirig and often longaiid hue. (PI. Ill, 
Fig. rl, u.) 

Ff-Mamo — J iilVers from the maleiiitho 
same way as m/tah/, Init is relatively 
stonier ami more archtal dorsally: a 
broa«l, dnsky, dorsal stripe often visible 
toward the time (tf issuing — all the moro 
remarkabli^ tliat there is no siieh stripe 
on the imago, wlniieas in vvrnata, 'wbero- 
thc imago lias such a stripe, it. is not iudi- 
eated in tin* »*l)rysali's. (PI. Ill, Fig. b, i>.) 


iMAt;o. 


AhUtomen with the. first seven joints 
bearing each two transverse dorsal rows 
of stilly reddish spines, pointing posteri- 

orily. 

Male — Faljji very short, but distinct Ij 

2-Jointcd. 

AnUnnee with not iiiiite 40 joints, (lie 
longest ijfcore than twice as long as wide, 
each willi two pairn of liair faseii’les, 
epringing from very slight, lateral eleva- 
tions, the longest hiiir about tliriee (lie, 
diauioter of joint. Looking IVoiu above, 
Y^ith ordinary lens-jiower, ilie.-e hairs give 
the appearance of iiin'j i. iliaie iieet i nations. 
(PI. Ill, Fig. c.) 

JVinga delicate, silky, seiin-transpafejit^ 
transversely striate, the scales short uinl 
vel*y loosely attached. 

Front-wings with costal and snb eo>i:il 
veins well united, witli tlie disca! enis> 
vein partially open, and but /iiosluu t eos- 
til branches, the superior veins slra ight.-'^ 
(PI. HI, Fij;. a, a.) 


Ul^per surface, brownislj-gray. 

Crossed by three jagged, dark lines, 
Rornetimes obsolete exci pt on tbesubmo- 
diaM and median veins, and on the co.s(a 


Alulomtn without spines. 


Mai.f— /V/ 7/h rndimeiitary w'ith joints 
indi.st inguislniVde. 

Jnit’Hoa \\ irh over r>0 joints, the longest 
not twice as long as Avide, each with one 
pair oj’ fascicles of sliglitly curled haiis, 
the longest about thrice as long as the di- 
ameter of the joint, and all .springing 
from a piomineiil , dark hum]i which oi:c;u- 
pies the )>a.‘^al lialfof the joint beneath, 
and gives a somewhat serrate appear-^ 
a nee from tlie side. 'flie. same apjiejir- 
anee of cilia te peel i nations looking froiii 
above. (PI. HI, Fig. ti, e, d.) 

U iaf/i b 'S t ransjiarent, more glo.ssv, 
not stiiate, the. scales nn au avmago 
liuigei and iMoK; firmly attached. 

I lithi iriufja w ilh costal and snb-eo.sial 
!e.‘.s closid^ nniled, with the dise;il cross- 
v«in \\ell irlosi'd, and with thur. e(<sta.l 
inamdie.s. All tin* vidns 7-11 are mor« 
di.stiiicHy .-eparated and the s;ip<*rioris 
more eurvi-d, wins b and 10 forming an 
open are(de,t. near (liedisc: the ajiex more 
jirodiici-il. (Pi. HI, F’ig. 0, a.) 

Fpjier surtuce also broNyiiisli-gray, but 
.somev, hat darker, witli a purplish rellcc- 
^ion. 

C:ros.sed by two less jagged, whitish 
bands, i he onteniiost suddenly bending in- 
ward m*ar costa, at about three-foui thHfU& 


A iiiicmseopic cxainlniitioii show a tliH vciiatUin hi vernata to b<* on the wune plan as (bat. mjffitne- 
taria. 'i'Jie ibOeieucc is lbat«tu vernata the coatnl vHu ks fceblt* uiul gcucrully obiMtleto at itM tumlua. 
tiou, aud all the veins 7*12 are mure closely united with the coetul iliuu iu pomtUiria, 
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where they are always distinct and divide 
the wing into four snbequal parts. No 
w'hito costal spot. (PI. Ill, Fig. 3, a.) 


A pale, jagged, .siibtcrmiiial band, cor- 
responding in some degree to the outer- 
most band in pometat iUj l>ut running out 
to apex, where it is always sharply re- 
lieved posteriorly by a dark mark, and 
often the whole length by dusky shad- 
ings. 

JJind-winga with the costal vein bifur- 
cating at, or hut little beyond, tbediscal, 
ami with the independent or vein 5 faint. 
(Pl.llI.Fig. ‘J, 6.) 

Color pale-ash or very light gray, with 
a dusky discal dot. 

No white hand, and rarely any niargiii- 
al dots. 


Under surfava with a more or le.ss dis- 
tinct dusky spot on <‘ach wing, the front 
wdiig having in addition a dusky line 
.along niediaii vein and spot on costa to- 
W'ard apex. No pale hands. 

Fkmalk — Anfvnnw gen(?rally with but 
few' more tliaii IlO joints, tlic longest about 
thrice as long as w itle, faintly constricted 
ill middle, aiidpiilH scent. (li.IU,Fig.;{,c.) 

liodj) and legs pnbescmit, elotlied w ith 
whitisli and bniwii, or black, dentate 
scales or hairs j general coloration not 
uniform. Crest of protliorax and meso- 
thorax black. A lilaek stripe along the 
middle of the back of the abdomen, often 
interrupted on tlie second to seventli 
joints, w ith a w liitisli iiatch each side of 
its front end. (Ji. Ill, Fig. :i, 6, d.) 

Abdomen tap«‘ring ratluT acutely be- 
hind, and witii an t^xsertile, two-joiiited, 
conspicuous ovipositor, (li, — ,Fig. U, c.) 

Two rows of s])ines on back of The lirst 
seven joints more prominent tliun in the 
male, and often giving the <lor.suiii a red- 
dish asxicct. (PI. Ill, Fig. 3, d.) 

Of a rather siiiallcr size thanjamehinu, 
tho wings of the male expanding' from 
0.86-1.30 indies, and the female measur- 
ing 0.120-0.35 inch in length. 

11 B 0 


distance from base to ajicx, where it forms 
a pale, quadrate spot, relieved by a darker 
shading of tlie wing around it: the bauds 
sometimes so obsoletii as to leave only 
this x)ale spot ; but more often relieved on 
the sides toward eacli otlier by a dark 
shade, most persistent on the veins. (Pi. 
Ill, Fig. 7, «.). 

No siieh baud. 


If ind- wings with tho costal vein bifur- 
cating considerably beyond the discal, 
W’bicb is strongly elbowed ; vein 5 quite 
strong. (PI. Ill, Fig. 6, h.) 

Grayisli-brow'ii, with a faint blackish 
discal dot. 

In most specimens .acurve<l w’lnteband 
runs across the wing, and the veins inside 
this baml and on bind border are gen- 
erally dotteil. 

I'udcr surface w itli a dusky discal sjiot 
on each w ing, and w ith the outer pale 
baml on upper surface of front-wings as 
well as that of the hiiid-w'inga show'ing 
distinetly, the former relieved by a dusky 
si»ot insiile at costa. 

Fk.malf . — Aulenmc w ith OA'er 50 joints, 
the- longest iianlly longer tbun broad j 
uniform in diameter: w ithout inibesceuce. 
(PI. Ill, Fig. 7, c.) 

/»W// and Uys smooth, clothed with glis- 
tening brown ami w hite truncate scales 
interinixeil, giving it an ai)x><^^ira>ico of 
uniform, shiny, dark ash-gray : soniew’liat 
X»abT beneath. (Pi. Ill, Fig. 7, b. d.) 


Abdomen tapering rather bluntly bc- 
liiinl, without exsertile ovijmsitor. 

No spines on abdomen. 


The wings of tlie male cxxiand from 
1.05-1.35 inehes ; and the female meas- 
ures 0.25-0.40 inch. 
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We thus have two distinct species of Canker Worms, differing not 
only in habit, but differing so much stnicturally in all states that they 
may at once be distinguished from each other. In contrast with the 
soft, delicate, ovoid eggs secreted in irregular masses, the 10 -lcgged 
larva, and the spined and hairy moths of vernata., we have the tough, 
' flower-pot-shaped eggs, laid in exposed, regular masses, the 12 -legged 
larva, and the spineless, smooth moths oi' jyometaria; and the si)eciflo 
structural differences are still apparent when we come to examine the 
genital armature of the males. It is really remarkable that these differ- 
ences remained so long unnoticed, especially in those inirts of the coun- 
try where pometaria abounds. 

The distinctions between these two insects, so long confounded, forci- 
bly illustrate the practical importance of minute discriminations in 
economic entomology. 

Pometaria agrees with the European species of Anisoptcryx in the 
principal ])terogostic characters, obsolete tongue, and rudimentary 
l)alpi; and is, indeed, the analogue of the well-known (cscularia. 

Yet, in the antennal characters of the male, and especially in the basal 
hump on each joint, it [pometaria] agrees more nearly with the typical 
species of the genus llybcrnia as characterized by (Tiienee [tlican with 
a^sctilaria]. So far as we now know, also, it differs from the European 
species of Animpteryx in the more distinct areolet in the front wing. 

The genus Palcacrita approaches much nearer llybcrnia,, from which 
it is, however, readily distinguished by the double pair of hair fascicles 
to each antennal joint; the pubescent hairs that cover the female; 
the two-jointed, horny, cxsertile ovipositor; but, more especially, by 
the dorsal abdominal si)incs in both sexes — all chajacters uiimentioned 
in existing diagnoses of the genus. 

ivo3I3*]nclatt;i?e. 

From the time when William Dandridge Peck published (in 1795) his 
essay on the Canker Woiin, whicdi received a prize from the Massachu- 
setts Society for Promoting Agriculture, up to the year 1873, all writers 
on the subject si)oke of The Oankcr Worm, under the impression that 
all Canker Worms were of one sj)ecies. Until that time no other dis- 
tinctive name appears to have been borne by them. In that year Mr. 
Peck described om*. of the species in such a way that it could be recog- 
nized, and, gave to it the name of Phala na rernata, No further pro- 
gress in naming the insects was made until 1811, when Dr. Thaddeus 
William Harris pnvsented A lleport 04 the Insects of Massachusetts, In- 
jurious to Vegetation, to the Commissioners on the Zoological and Bot- 
anical Survey of Massachusetts, which report was published in the same 
year. In this, on page 332, speaking of the Oeometrev^ he says: 

Tboso kinds, wlioreof the feniaJcs are wingless, or liavc? only very short, scalo-like 
wings, and naked antenn.T, while the males have large, entire wings, and feathered 
or downy anteuiiijn, seem to form a distinct group, which may bo named Hybernians 
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(UYBBRNiADiB), from the principal i;enns IHybemia'] included therein. The cater- 
pillara have only ten logs, six before and fonr behind; and they undergo their trans- 
formations in the ground. The insects called canker-worms, in this country, are of 
this kind. The moths, from which they are produced, belong to the genua Aniao- 
pferyXf^^ so named hocaiisc in some siiecies the wings in the two sexes are very unequal 
in size, and in others the females are wingless. In the latt*- Professor Peekes ** Natural 
History of the Cfinker-worra,” which was published among the papers of ‘Hhe Mas- 
siichusetts Society for Promoting Agriculture,” and obtained a iirize from the Society, 
this insect is calhul rhafwnn vernata, on account of its common aiipciirance in the 
spring, and also to distinguish it from the winter motli {Plialwna or Clieimatohia hru- 
wmta) of Europe. 

Harris then. describes ‘Hlie male canker-worm motli,’^ and continues: 

This is the usual api)earancc of the male, iu its most perfect condition ; hy which it 
will bo seen that it closely restmibles the Anisopieryx AHncuIaria of Europe. 

After comparing these two males, he says: 

Specimens, of a rather smaller size, are sometimes found, resembling the figure and 
description given by Professor Peck, in which the whitish hands and spot are want- 
ing, and there arc three interrupted dusky Hues across the fore -wings, with an 
oblique hl:ickisli dash near the tip. P«‘rh:ips they constitute a dilferent species from 
that of the true cankcr-irorni 7nothA^^ »Slioiihl this ho the case, the latter-''^ may be called 
Aniaopteryx pomefana, or the Anisoptcryx of the orchard, while the former should re- 
tain the iiJimc originally given to it hy Professor Peek. Tlie female is w’irigless, and 
its ariteniiie are short, slender, and naked. Its body approaches to an oval form, but 
tapers and is turned up behind. It is dark asU-eolored above, and gray herie.ath. 

This is the first intimation that wo iiavc of the existence of more 
than one species of Oanker Worm, and this relates only to the difFer- 
eiicos to be observed in the males, no dill'erences in the females being 
indicated. It will be noticed here, moreover, that Harris applies the 
designation, “true canker-worm moth,” not to the species first called 
the Canker \V^)rni by Peck, but to the larger species {pometaria) now 
described for tin*, lirst time. Tliis use of the name is very apt to mis- 
lead, for we should expect to tind the term “ true Canker Worm moth” 
applied to tlie siieeies <leseribed as such by i^rotessor reck, and not, as 
Harris here applies it, to the other species. Indeed, most subsequent 
writers, including Fitch,-’'' Packard,-"’^ Mann,"’^ and Riley,®® were misled 
by the language, and took it for granted that tlie name pometaria 
was proposed for tlie smaller form, while even Dr. Harris himself was 
so little convinced of the distinctness of the two species that, as Mr. 
Mann has shown,-"’^ he did not separate the si)eciiiiens in his collection, 
and still applied the name vernata to both the forms. 

So long as the male moths only were ' carelessly coini)ared, there 
would always be a question as to wdiether the differences were varietal 

*• Literally unequal winy. 

“The italics arc oiii* own.— C. V. R. 

«3a Kept. lus. N. Y., §38. 

“Guido to slmly of Ins., 3tl od., p. 324. 

“Proo. Host. Soc. Nat. Hist., v. Ifj, p. 382. • 

“6th Kept. Ins. Mo., p. 20. 

“Proc. il^st. Soc. Nat. Hist., v. 16, p. 208. 
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or specific— 1st, because tbe general resemblance is strong ; 2a|be<^Use 
each species varies considerably both in size and ornamentation ; 3d, 
because the wing-scales, especially of one species, easily rub ofi', and 
perfect specimens, captured at large, are uncommon. % 

If was not until the year 1873 that the distinctness of the twb species 
was clearly established. More careful comparisons made at that time 
by Mr. B. P. Maun showed essential and very striking differences be- 
tween the two species in both sexes, but the previously universal con- 
fusion regarding the application of the respective scientific names was 
not noticed until Mr. H. K. Morrison, having consulted Professor Peck’s 
original paper, with Mr. Mann’s discriminations in view, called atten-^ 
tiou to it.^^ As a consequence of this confusion no reliance can be 
placed upon the use of any name previous to 1874, as a means of dis- 
criminating between these species. 

In his Monograph of the Geometrid Moths,” published in 1876 under 
the auspices of Dr. Hayden’s Geological Survey of the Territories, Dr. 
Packard commits the same error that we had committed in our Sixth 
Missouri lleport in concluding that Harris’s pometaria is Peck’s vernatay 
although the misleading nature of Dr. Harris’s language regarding the 
two species had been pointed out in the meanwhile. Under this 
misapprehension he has substituted the name of autumnata for pome- 
taritty though it is evident that the former name cannot obtain,^" and, 
in fact, in the introduction (pp. 8, 23, 39) to the Monograph the names 
pometaria (not autumnata) and vernata are used. 

In his first paper on this subject Mr. Mann gave reasons for be- 
lieving that vernatay true to its name, is purely vernal in habit, and 
does not issue in the fall, while pometaria issues, for the most part, in 
the fall of the year. In general this seems to be true, although during 
mild winters, in the western and southwestern parts of the country, 
some adult individuals of vernata do appear in the fall of the year in 
which they have attained their growth as larvm. In consequence of 
the general truth of these distinctions, however, we proposed, in 1875, 
for , Paleacrita vernata the vernacular name of the Spring Canker Worm, 
and for Anieopteryx pometaria that of the Fall Canker Worm, and shall 
presently treat of each separately under these names. 

The following synonymy of the combined genera is given by Pack- 
ard:®** 

ErannU Hilbn. (in part), Vcrz., 320, 1818. 

Alsophila Httbp. (in part), Verz., 320, 1818. 

JPVdcmiaTreits. (in part), Scbm. Eiir., vi j;i),262, 18^ 

Bibernia Dup. (in part), Lep. France, vii (iv), 301, 1829. 

Entom., 6, pp. 29-32. 

**Pi*oo. Boat. Soc. Nat. Hist., t. 18, p. 207 ; Tiant. Acad. ScL Saint Louis, v. 8, p. 278. 

Trans. Acad. Sci. Saint Louis, ▼. 3, p. 676. 

**Proo. Bost. Soo. ^at. Hist, t. 15, pp. 381-384. 

' «lionograph of the Geometrid Hotbsipp. 398-889. \ : 
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AniBopkm^ Steph., Nomencl. Br. Ins., 43. 1829. 

Steph., “Cat., ii, 116, 1829." 

Stepli., 111., iii, 151.1831. 

Boisd.i.GoD.Ind., 193. 1840. 

Anfiopteryx Dup., Cat., 2.35. 1844. 

Aleophila Stepli., Cat. Brit. Lep., 160,1850. 

AniaopUtyx Lederer, Verli. Zool. Bot. Gos. Wien, 177, 1853. 

Gueii6e, Phal., ii, 254, 1857. 

Walk., List Lop. llct. Br. Mns., xxiv. 1162. 1862. 

Faleacrita Riley, Trans. Acad. Sc. St. Louis, iii, 273, 1875. 

In 1860, Francis Walker described in the Canadian Xaturaliat^ v. 6, p. 
263, a moth, wliich he called Anisopteryx restituens, and which had been 
received from Canada. He repeated the description in his List of the 
Specimens of Lepidopterons Insects in the Collection of the British 
Musenm, pt. 26, p. 1696. The following is the English of the latter de- 
scription: 

ifale. Dark ciuoreons. An tonnie very slightly pectinated. Abdomen with a yellow- 
ish tinge. Wings cinereous, with a slight blackish discal mark, and with black mar- 
ginal points. Fore wings with two indistinct, undulating, dark cinereous whitish- 
bordered lines; costa dark cinereous. Length of the body, 5 lines; of the wings, 14 
lines. Canada. In Mr. D’Urbaa’s collection. 

Dr. Packard says that this is probably Anisopteryx vernata; but we 
see no reason to doubt that it is pometaria. 

In 1862, Francis Walker described in his List of the Specimens of Lopi- 
dopterous Insects in the Collection of the British Museum (pt. 26, p. 
1697), a moth which he called Anisopteryx sericeiferata^ the English of 
which description is as follows: 

Male. Dingy cineroas. Palpi extremely short. An tenino minutely setulose and pub- 
escent. Hind tibiffi with four moderately long spurs. Wings elongate, silky; fringe 
long, full. Fore wings somewhat rounded at the tips, miiiutoly speckled with black, 
with four diffuse oblique more or less interrnptod and indistinct brownish linos; an 
oblique apical blackish streak ; discal ringlet brownish, indistinct, sometimes obsolete ; 
exterior border slightly convex, latbor oblique. Hind wings without markings. 
Length of the body 5 lines; of the wings 16 lines, a-e. United States. Presented, by 
E. Doubieday, Esq. 

Dr. Packard says that this is undoubtedly A. vernata^ and we agree 
with him. 

PAST HISTORY. 

There are many insects, of which the Canker Worms are examples, 
which ordinarily occur in about the same numbers for a series of years, 
and then, in a particular season and in a particular locality, seem to be 
all' at once swept from off the face of the earth. These phenomena are 
due to several different causes, bat principally to the variations and 
irregularity in the action of cannibal and parasitic insects. 

Owing to the confusion which has existed in regard to the two species, 
it is well-nigh, if not quite, impossible to separate their histories. 

From Samuel Dean’s The New England Farmer ; fete. j,” published 
.at Worcester, Mass., in 1790, we learn that is'not less than.about 
fffty years since this insect [the Canker Worm] began its depredations 
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in New England, in parts which had been the longest cultivated.^^ Hence, 
we may infer that the Canker Worms, of one species or the other, have 
been a scourge in this country since 1740, if not from an earlier date. 

Mr. Peck says that ‘‘ The Canker Worm is said to have been obss^ved 
first in the Southern States, where it is probably a native. It is certain 
it must be spread by some means independent of itself, since the female, 
by the privation of wings, is forbidden to range. Jt may have been in- 
troduced into New England by the importation of trees from the South- 
ern States, on which the eggs were deposited; or disseminated in the 
larva state, in all i)opiilous parts of the United States, by falling from 
trees upon carriages and travelers passing under them. Tliis conjecture 
is rendered probable by its being found in all places which have inter- 
course with such parts as are infected with it, and by its being unknown 
in new settlements.” But no authority is given for the assertion that 
the insects came from the South, and as they seem never to have oc- 
curred in the region which Peck intended by tha t word — L e., the South- 
ern Atlantic States — the assertion must be discredited. Mr. Peck made 
his observations on vernata in Kittery, Me., probably in 1793 and 1794, 
or not long previous to those years, for it was first in 1793 that a prize 
was offered for the natural history of the Canker Worm, and he states®^ 
that on the 17th of May, 1794, the night was so cold as to produce ice 
one-third of an inch thick ; at that time a great part of the Canker 
Worms were hatched; to these the frost was so fatal, at Kittery, Me., 
where he lived, that very few were seen in 1795. He paid diligent at- 
tention at the season of their rising, but found not one female, and saw 
but one male by accident, on the Cth of Aiu’il. He says he earnestly 
wishes that this check, seconded by the endeavors of man, may extirpate 
‘ this destructive insect. 

Although he refers to the appearance of some imagos in November, it 
is not probable on any other grounds that he met with pometaria, as wo 
might have expected him, if he had collected both species, to notice the 
differences between them when he was thawing up his original descrip- 
tions. 

Mr. Mann suggests®^ that the vernata w^as crippled by this disaster 
of 1794, and did not afterwards, at least for many years, recover its former 
IJiedomi nancy, its place being taken, when Canker Worms again ap- 
pcareU, by pometaria. 

Assuming for the time [ho says] that whenever any fall imagos are mentioned 
that A, pometaria is referred to, we find that A. pometaria was comparatively rare when 
Peck was making his observations, while A. veimata was ** one of the most obvious 
aud destructive of the iusects that inhabit tljj0 apple-tree.*' .The Massachusetts Society 
for Promoting Agriculture offered a large premium in 1793 for a satisfactory natural 
history of the Canker Worm, and another for a method of destroying the Canker 
Worm. The former premium was (piickly secured by Mr. Peck, and a lesser one by Mr. 
Atwater, but the latter oiler remaiued open and unsatisfied, from year to year, till 


Mag., 

MPruo. Boat. Soc. Nat. Hist., v. 10, pp. 206-207. 




CANKI3B WORMS: PAST HISTORY. 


167 


1813, when it was abandoned. The frost of 1794 seems to have been very elfeotivo, for 
it is not till 1801 tlnit Vo find in the “Papers on Agricalturo ” of the Massachusetts 
Society for Promoting Agriculture, 1801, p. 4: “The Canker Worm has in some places 
made its sippearaiice again,” and in the “Papers” of the same society, 18p7, p. 12. 
“ Onehardsiiavemuch improved oflate [at Newbury, Mass., ] (since the year 1802), owing 
partly to the disappearance of the Canker Worm, and in the “ Massachusetts Agricul- 
tural Repository and Journal,” JuUe, ISlf), p. 316: “After having been freed for nearly 
twenty years fromtheravagesof the Canker Worm [at Koxbury, Mass.], our orchards 
are again overrun with them, and some of the most valuable trees of our country are 
threatened with destruction.” Mr. J. IjOwcII, the author of the last quotation, says, 
I, c., p. 317, “the insects rise in the fall.” 

Have we S[)aniie<l the interval [Mr. Mann coutinnos] within which the relative 
importance of A. rernaia sank, and that of A. pomvluria arose? lu the journal last 
cited, January, 1816, Vol. IV, p. 89, Peck says: “It is eertainly true that the canker 
moths rise in the autnmii and deposit their eggs.” But, he says, p. 90, “Those which 
rise in Noveiiilier are not very nunieixms, compared with those that rise in the spring.” 
This certainly argiuis against my suggestion, if it is supposed to have been founded 
upon new observations, but not if it is inerelj" a renewal of the statements made in 
1795.” 

This suggostion by Mr. Maim seeiiis, however, not to be coniirnietl 
hy further investigation, for Mr. Morrison tells us, in 1874,*^'* that vernata 
is imich the commoner s])ecics fin eastern Massachusetts] and, ho pre- 
sumes, the most destructive. It seems to be evidtmt, however, tluit 
pomehiria Avas nob an especially destructive species at tlie time of Mr. 
Peck’s studies. 

Dr. Wm. Le Baron, writing in 1871, says that the (hinker Worm 

was very abundant in Massachusetts seventy years ago,” which would 
place the time of this abuudauce iii 1801, though some allowance may 
bo made for the generality of the statement, and it api)ears from what 
he says immediately afterward that lie may be rererring to the years 
about 1708 and 1701; for “subsequently,” he contiimes, “ it became almost 
unknown in that State for. many years. It is said to have disappeared 
after a very lieavy frost in tlie month of June, which killed tln‘. cater- 
pillars. But this is hardly probable of so hardy aii insect as the Canker 
Worm.” ' 

Mr. Gyrus Thomas gives evidence, in 1870,'^^ by published extracts 
from a letter to the Western Ruralj of the Giinkcr Worms having been 
very destructive insects in Connect ient about seventy years previtnisly, 
in some seasons entirely divesting the trees of their foliage. This date 
may be doubtfully set down as occurring about 180(). 

Dr. T. W. Harris, in a report on diseases and insects affecting fruit 
trees, published in 1854,°® states that the insects iirevailed in the vicinity 
of Boston, Mass., from 1831 to 1840, increasing yearly in numbers till 
the last date, but almost entirely 'disappeared from 1841 to 1847. They 
committed great devastations, however, in Dorchester, neiir Boston, 


^Canadian Entomologist, vol. 0, pp. 20-32. 
« Second Kept. Ins. 111., p. 101. 

Sixth llept. Ins. 111., p. 21. • 
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Mass., in or about 1844, when “they were so numerous that they could 
be heard traveling through the grass.”®® 

In 1847, Harris continues, they reapi)eared, becoming more numerous, 
every year until 1854 (the date of the report), when their ravages were 
very severe in Cambridge and adjoining towns, though they had not 
then reached the height attained in 1839. 

There seems to be no evidence of the occuiTenco of Canker Worms in 
the so-called Western, or more proi)erly Northern Central States, pre- 
vious to 1852. 

Mr. James Tucker states("^)that Canker Worms began attacking his 
orchard, in Warren County, Illinois, about 1852-1854, and their ravages 
continued till 1800, in which year they ceased; his trees “fruited well 
that year, and liavo ever since [till 1800] * * *; the worms hatched 

out as before, but died without doing injury.” Mr. Tucker attributes 
the iinmunity from injury, which his trees enjoyed from 1800 to 1806, 
to the impregnation of the leaves with sulphur, which he inserted in 
the stem of the tree ; but as this cannot be, some other reason needs to 
be assigned. 

Tlie occurrence of “the measuring-worm,” which may or may not be 
a Canker Worm, at Edgerton, Williams County, Ohio, in 1800, is inci- 
dentally mentioned by E. A. F., in the Prairie Farmer^ under date of 
July 24, 1860. 

Mr. N. L. Hoover states'^' that Canker Worms destroyed the leaves 
and fruit of his apple trees, in Macoupin County, Illinois, every year 
from 1858 to 1861, inclusive. 

N. G. C. states’^ that Canker Worms played sad liavoc on the orchards 
in Monroe County, Iowa, in 1861, in some instances destroying both foli- 
age and fruit. 

According to Mr. Sanford Howard, secret^iry of the Micjhigan State 
Board of Agriculture, the Canker Worm first appeared in the neigh- 
borhood of Marshall, Calhoun County, Michigan, in 1862, on two or three 
trees, in the orchard of Mr. Edwin Wilson, of JMarengo. In 1866, these 
trees were dead, while several others, some of the largest and best 
in the orchard, were ii(*arl 3 ^ dead, and the vitality of all the trees was so 
weiikoiied that, though on many of them there were not worms enough 
in 1866 to do niucli injury to the foliage, they would bear no fruit. The 
ravages of the insect were obvious in 1866 in at least six different or- 
chards in that neighborhood, and were spreading year by year. Where 
they prevailed in the greatest numbers in 1864 and 1865 they were less 
numerous in ISGG. The cause of their diminution in their old haunts 
was obscure. Mr. Howard thought thdt perhaps the foliage was not suf- 
ficient in quantity in 1865 to carry to maturity all the worms that fed 

•9 TrnnH. Mass. Hurt. Soc., for 1874, p. 22. 

9® Prairie Paniier, [v. 33], u. b., v. 17, p. 211. 

Prairie Farmer, v. 23, n. a., v. 7, p. 333. 

wi»rnlrle Fr.rinpr, v. 23, n. b., v. 7, p. 401. 

” Pract. Fiitoni., r. 2, pp. 6-7. 
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upon the trees, and that many of the starved larvm died before they 
reached the perfect state, tliough,he says, it maybe that the frosts and 
ijnusually cold weather which occurred in the spring of 1806, soon after 
the insects hatched, destroyed many of them. Means either of destruc- 
tion or of prevention had not been much used. ^Mr. Howard says that, 
according to information published by Mr. Lyon, of Tly mouth, in the 
Western Rural, the insect had appeared, in 18(36 (?), in other localities 
in Michigan. Tliey were verj^ injurious in tlie Grand Traverse region 
of Michigan, in 1865 especially, and about the same time in other ])arts 
of that 8tate. 

Mr. J. W. Eobson, of Tremont, 111.,’'^ says, in 1871, that the Canker 
Worm is not yet very common in the locality where he resides; that he 
discovered it in his orchard in 1865, and has seen it in otlier orchards 
in. the same vicinity since then. 

From statements by Mr. Win. P. Lippincott, of Vernon, Van Bnren 
County, Iowa, they occurred in that county in and previous to the year 
1866.'" 

Bethiine states that the Canker Worm is related, in the Canada 
Farmer for May 1, 1867, to have been taken at Grimsby, Ontario, in 
the previous November (1866) by Mr. Johnson Pettit. Previous to 
this time it had not been included in the list of Canadian lepidoptera. 

Mr. J. 1). Hopf informs us that Canker Worms were exceedingly 
trooblcsome to the elms at Eockport, Atchison County, Missouri, in 
1866.^ In that year, according to Mr. E. H. Walsh, it had not yet 
reached the vicinity of Eock Island, Eock Island County, Illinois.'^" 

E. P., of Mexico, Audrain County, Missouri, found it very injurious 
(in his county) in the spring of 1868.'^ 

A gentleman from Genesee, N. Y., is said"® in 1874, to have become 
so discouraged in a six-yejj-rs’ contest with the Canker Worm that he 
finally cut down his orchard the previous spring [1878?]. 

E. F. Curtis, of Eockford, Winnebago County, Illinois, writing in 
1872,®^ says that “the Canker or Measuring Worm, which made its 
appearance in this part of the country but a few years since, has been 
spreading rapidly, and now may be seen in almost every township in 
the Northwest.” 

Le Baron reports®^ serious damage by them from Clinton, Eock County, 
Wiscoiisin, and Duquoin, Perry County, southern Illinois, as well as 
from several intermediate places, in 1871. Eeports of their injuries 
were communicated to the Department of Agriculture, at Washington, 

M western Farnvr, May 13, 1871. 
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in May and June, 1871, from Norfolk County, Massachusetts, and from 
Jeftersou County, Iowa.®® lieports of the ravages of black jneasuring 
worms, which may have been Canker Worms, on apple and fruit trees, 
were also sent to the United States Department of Agriculture, at the 
same time, from several counties in Ohio. 

They are rei)orted to have infested a few orchards in Plymouth, Mass.,’ 
in 1874.“^ 

B. Ware Sylvester states, in 1874, that Anisopteryx pometuria has 
nearly disappeared from his neighborhood [locality unknown], * * * 
the very general failure to put in an appearance being due to some 
oause not human. 

Dr. Packard, referring presumably to the years about 18G0 and pre- 
viously", says that during several years’ observations he had never ob- 
served vernata in Brunswick, Me., but in 1875 it was said to be for 
the first time injurious in orchards in that town.®'^ 

Prof. A. J. Cook said, in 1875,“® that “thii/ insect [vernata] has a 
curious history in Michigan ; for though it has made its appearance 
several times, once in Calhoun County, again in Genesee County and in 
other places, for the past two or three years near Commerce, Oakland 
County, and just now near Pontiac of the same county, still it has never 
seemed to hold on; for, after destroying a few orchards, it seems to suc- 
cumb to its natural enemies or unx)ropitious circumstances, and ceases 
to cause even anxiety.” 

THE SPRING CANKER WORM. 

{Paleacriia vernata^ Peck.) 

Tlie true Canker Worm, described as rhaUena vernata hy W. D. Peck, 
in 1795, may be known, as already indicated (p. KM), by the popular 
name given above, from the circumstance that the great bulk of moths 
issue from the ground in early si)ring. 

This is undoubtedly the species generally mentioned in the agricultural 
journals of the country, and is the one treated of in our Second rex)orton 
the insects of Missouri as so injuriously alfecting the apple orchards of 
Missouri and the States to the north and east of it. 

EANGE OP THE SPECIES. 

Formerly most abundant in New Bnghiiid, this Canker Worm is now 
found in many portions of the country, and of late years has been particu- 
larly injurious in the Northern Central States. Its range may be said to 
extend from Maine to New Jersey and westward to Wisconsin and south- 
ward in the Mississippi Valley to Texas. It is in fact the species best 
known in the Mississippi Valley, if not the only species which occurs 

WMonthly Repts. [U^ S.)lH‘pt. Agrio., for 1871, pp. 104-195. 

M MonihlsKlloptH. [U. S.1 l)cpt. AKric., for 1874, p. 320. 

w Packartl, Alonogr. of Geoni. Moths, p. 404. 
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there. We have specimens obtained by the late Jacob Boll near Dallas, 
Tex., ‘Which is the southernmost reliable limit in the W'est, while its 
northerninost recorded limit, west of Lake Michigan, is in liock County, 
Wis. Ill Michigan it bad in 1870 nearly reached the northern extremity 
of the southern peninsula. It does not seem to trouble the orchardists 
in the Atlantic States south of New Jersey, since it is not reported there- 
from. Dr. Packard says:®^ ‘‘It is probable that it is indigenous to all 
parts of the country east of the Mississippi, but is abundant only locally 
originally along the coast of northeastern Massachusetts, and of late 
years in Illinois and Missouri”; but the evidence seems to show a pro- 
gressive dispersion of the insect westward, doubtless by man’s aid. 

As might be expected from the wingless character of the females, 
their distribution is very unequal, and apparently arbitrary, a common 
road sometiines serving for years as a barrier between a free and an in- 
fested orchard. The evidence is conclusive a-s to the common occur- 
rence of this jiarticular species in Maine, Massachusetts, New York, 
Pennsylvania, Michigan, Wisconsin, Illinois, Iowa, Missouri, and Texas, 
but it is not so certain as to which of the two species the accounts from 
Canada, New Ilamiishire, Vermont, lihode Island, Connecticut, New' 
Jersey, Ohio, and Indiana refer to, though vernata in many instances 
is presumably the kind. 

CHARACTEKS. 

Imacjo. — The Spring Canker Worm is distinguished in the perfectstate 
by the first seven Joints of the abdomen bearing each two transverse 
row's of stilf reddish siiines, point ing posteriorly, more prominent in the 
female than in the male, and often giving the abdomen a reddish ap- 
l)earanee. It is rather smaller in size than the Fall species, the male 
measuring from ti]) to tip of wings w hen expanded from about live-sixths 
of an inch [131“"" | to over an inch and a quarter- and the female 

from a fifth to a little- over a third of an inch [5-0“"“] in length. 

Male. — T he wings of the male are silky and delicate, the front ones 
marked with three transverse, jagged, dark lines, sometimes Avanting, 
exeexit on the front edge of the wing, where they are always more dis- 
tinct, dividing this portion of the Aving into four very nearly equal i>arts; 
they have also a somewiiat jagged, xiale, subimirginal line. The upi)er 
surface is brownish-gray in color, wdiile the hind Aviiigs are ])ale ash or 
A-ery light gray, Avith rarely any dots or markings. Some specimens have 
no dots Avliatever, even when fresh from the chrysalis ; and captured speci- 
mens, owing to the looseness of the scales, ahvays have the marks more or 
less effaced. Indeed, the ornamentation of the wings is extremely vari- 
able. In many specimens the micliUeimrtion of the front wings, within the 
three dusky lines, is quite x^ale and mottled with grayish-green, while the 
basal and terminal X)ortions are marked with brown, thus making the 
contrast greater. 

Female. — ^The body, legs, and antennaB of the female are clothed 

V Monograph of the Georaetrid Motlia, 1876, p. 404. 
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with whitish and brown ov black hairs, and along the middle of the 
back of the abdomen there is a black stripe,* of which, sometimes, liow- 
ever, all but the ends is more or less obsolete. The color of the female 
is rabbit-gray, or speckled black and white. The abdomen is acutely 
tai)ering and ends in a two-jointed ovipositor. 

Egg. — ^T he eggs somewhat resemble in form hens’ eggs, but are more 
elongated. They are very delicate in texture, yellowish, reflecting pris- 
matic colors, and are smooth, though often appearing roughened by 
transverse and longitudinal irregular depressions. 

Larva. — ^The Larva has but four prolegs, in addition to the usual three 
pairs of thoracic legs on the anterior portion of the body, these prolegs 
being situated on the 9th and the last joints of the body. (It may thus 
be distinguished from the larva of the Fall species, which has an addi- 
tional short pair of prolegs on the 8th joint.) 

The young larva is dark olive-green, or brown, with a black, shiny 
head. The full-grown worm varies greatly in the iiitens- 
IIB Pf r i i H i markings, ash-gray, green and yellow ones oc- 

curring in the same brood. The most constant char- 
acter by which it may be distinguished from other span- 
worms of the same size, is the pattern of the hecad, which, 
PiG.i.— Eui.TTcd no matter what the general hue of the body may be, is 
^dua^tavlrra a! Usually sluidcd and marked as showii at Fig. 1. 

Another distinguishing character is the occurrence of two pale, nar- 
row lines on the middle of the back, the space between them usually be- 
ing dark and occupied, on the anterior edge and on the middle of joints 
5, 6, 7 and 11, by black marks somewhat in the form of Xj these marks 
being represented by dots on the other joints. There are two rather 
prominent tubercles on top of the eleventh joint, preceded by two white 
spots. 

The full-grown larvae measure from seven to nine-tenths of an inch 
f 18-23™“] in length. 

Chrysalis. — Pale grayish-brown, with a dark green tinge on the 
wing-sheaths. Eemarkable for its robustness and for the large size 
and prominence of the palpi. A single bifurcate thorn at extremity. 
Length 0.35 inch [9““]; diameter across thorax 0.12 inch [3““]. Both 
sexes in the chrysalis state have wing-sheaths, those of the female 
being thinner than those of the male, and shorter, extending only to 
the posterior edge of the fourth joint of the abdomen, while in the male 
the wing-sheaths are one joint longer. The chrysalis of the male is 
more slender than that of the female. 

The cocoons are simple earthen cells, slightly lined with silken 
threads, which are easily broken to pieces. 

HABITS AND NATURAL HISTORY. 

Issuance of the moths. — The moths or perfect insects rise from 
the ground, for the most part, early in the spring — generally’^ from the 
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beginning of March to the middle of April, in the latitude of Missouri ; 
two weeks later in Massachusetts — ^rarely coming out during the first 
mild weather that succeeds the first frosts in November; and on warm 
days during the winter when the ground is thawed. Many which we 
bred in the wdnter of 18G0-’70 issued during the warm weather of 
January. 

Dr. Le Baron observed them in Illinois from March 7 to April 7, 1871. 

Dr. Packard says that in 1875 none had ai)peared in his garden in 
Salem, Mass., before the 10th and lltli of April, the season having been 
a very backward one. During these two days, which were warm and 
fine, he counted about one thousand males and two hundred females,^ 
mostly stuck'to the inked bands on fourteen apple and three elm trees. 
This is in the proportion of one female to five males. He says that he 
suspects that the males fly about one or two days before the appearance 
above ground of the females. 

Mr. Mann says that of 16 dated specimens of the male, 1 was taken 
in March and 15 in April; of nine females, all were taken in April. He 
presents negative evidence, also, that the species does not appear in 
the fall ortho winter in eastern Massachusetts, v. here his observations 
were made. 

The moths are crexmscular in habit ; that is to say, most active in 
the evening soon after dark. During the day they usually rest quietly 
and conceah'd, the front wings of the male, when at rest, being turned 
back, so as to entirely cover the hind wings, and overlap on their inner 
edges. 

At the height of the pairing and egg-laying season, the females may 
be seen, in multitudes, making their way up the trunks of the trees,, 
alone or attended by one or more of the males, hardly pausing for the 
caresses of their attendants, but pressing onward to fulfil the one purpose 
of their existence. The female, by means of her horny and extensile 
ovipositor, thrusts her eggs, to the number of from fifteen to one hundred 
and fifty, singly or in irregular masses, and with only enough of a glutin- 
ous fluid to attach them slightly to each other and to their surround- 
ings, within some sheltered or secret place, usually near, sometimes even 
between the leaflets of the exi)anding buds, sometimes even close to 
the ground, on the trunk of the tree, oftenest under loose scales of bark. 
Sometimes the eggs are deposited in cracks in the wood, or in holes 
made by borers, and frequently in places where the young larvm cam 
not possibly get anything to eat when hatched. They have been found 
in dried apples which adhered to the trees through the winter, and the^ 
female is very fond of availing herself of the empty cases of the Eascal 
Leaf-crumpler, Acrohasis nebulo.^ 

Appearance of the worms. — ^The eggs hatch at about the time 
when the young leaves of the apple tree begin to push from the biid,. 


■[Figared in our Fourth Mo. Kept., p. 38, flg. 18.] 
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which is about the time the red currant is in blossom, and the larvas 
acquire their full size in from three to four weeks thereafter. 

Dr. LeBaron found a few young larvm on the trees in Kane County, 
Illinois, about Ai)ril 20, 1871, but he says they were evidently prema- 
ture stragglers, as the foliage had then scarcely begun to open. But 
on April 27, the red currant being in pretty Ml bloom, and the leaves 
on some of the apple trees being half expanded, he found almost every 
tuft of leaves wliich he examined occupied by two or three minute Can- 
ker Worms. In the latitude of Saint Louis the worms have generally 
descended the trees and entered the ground by the middle of May, 
though some remain till about the first of June. About Lancaster, 
Lancaster County, rennsylvania, they attain their fall size in May, and 
go into the ground by the first of June. In New York they are said 
(if the species which occurs there mvernata) to commit their ravages 
during the last of May and first of June, so that tlicy probabl3^ complete 
their growth toward the middle of June. 

We amply proved during the summers of 1808 and 1809 that there 
is but one brood each .year in Missouri, just as there is but one brood 
in Maine, and at whatever time the worms enter the ground they re- 
main there as chrysalids all through the summer ami fall months, and 
the great majority of them till the following spring. Some, indeed, 
Dr. Harris says, remain in the ground for a year longer than the bulk 
of the brood. A frost seems to bo necessary to their proper develop- 
ment. 

Habits of the worms. — The little Canker Worms, on making 
their escape from the egg, cluster upon and consume the tender leaves, 
and on the ai)proach of cold or w^et weather creep for shelter into the 
bosom of the expanding bud or into the opening flowers. 

Thej’ feed and migrate by day, remaining stationary during tlie night. 
Like most other span-wonns they have the habit of resting in a stiff, 
straight posture, either at fin angle ,of about 45° from or flat and par- 
allel with the twig which they occiip^^, and in these positions easily 
elude detection. Tlu\y are seldom ever noticed upon our trees till the 
riddled and seared appeaiauce of the foliage tells of their presence. 
The leaves first attacked will be found iiierced with small holes, which 
become larger and more irregular when the Canker Worms increase in 
size ; and, at last, the latter eat nearly all the pulpy parts of the leaves, 
leaving little more than the midrib ami veins. 

Upon completing their growth, the,y either crawl down the tree or 
let themselves down by moans of a silken thread, and burrow into the 
ground. Here, at a depth of from two to five iiiehes, and usually 
within a radius of from four to eight feet from the roots of the tree, 
they form their cocoons, within two or three days after completing 
which they become chrysalids. 

Food-plants. — Packard thinks that the native tbod-plaut of this 
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species is the elm, and, according to Mr. John Sears, of Danvers, Mass., 
the black ash [Fra^inns samhucifolia]^ both in deep woods jnul in the 
Open meadow, as he has found the females ascending the trees; but it 
is usually more destructive to the apple, and at times to the cherry. 

It is no proof, however, tliat the black ash is a food-])lant, above all 
the native food-plant, that the females ascend the trees, for they will 
ascend sticks, fences, or any other object upon which they can climb. 

Apple-trees seem to be tlieir principal food-plant; for though, in Mis- 
souri, we liavc found the worms on plum and elm, we have never known 
them there to do as great injury to these trees as to apple. 

MODES OF DlSTKinUTION. 

Although the fcinales are wingless, and can, in consequence, only crawl 
from place to place, the insect is able to spread rapidly, in localities 
Avhere it appears in numbei*s, for the larvm can pass from tree to tree 
Avithout much diHiculty. WJien full grown or nearly so, and dropping 
by their silken threads to the ground, the suspended worms are cauglit 
up by the winds and wafted to other trees, many of them swinging off 
upon their tlireads to considerable distances. Wldje hanging from 
limbs above the traveled roads, moreover, tliey are often swept off by 
passing carriages, and are thus conveyed to other places. 

Le llaron says, in his second Illinois report (p. lOiS) : 

I saw some to-day [May 24, 1871] lloating 30 foot from tlio tree. As tlio wok by 
wliicli they arc suspemlod is scarcely visible, the worms often liave tlie appc.arance 
of flying ill the air. At the same time I conlil find very few worms on the trunk, 
showing that their normal Avay of migrating is not by crawling down the tree, hut 
hy floating off on thr<?ads. 

The observations of Mr. Howell only confirm the previous statements 
as to the manner in whicdi these pests arc diffused over large tracts of 
country, particularly in the West, when higli winds pit* vail. He says: 

Caught lip by the gales whilo .suspended upon their giKssamcr weh, I liavo seen mul- 
ti tildes carried far away, flying, thus supported, for long disitances. 

ENEMIES. 

Like most of our noxious insects, Canker Worms are subject to the 
attacks of cannibal and parasitic insects. They ari* also devoured by 
very many different birds, some of which for a time subsist almost wholly 
upon these pests. Hogs are very cllicient in rooting up and dcvouriiig 
the chrysalids during the summer moiitlis. 

Fothriis ovivorns^ Ihick. (Fig. 2), devours the eggs, probably of the 
Fall species. 

The most common parasite which we found in Missouri infesting the 
larva of the Spring Canker Worm is a small, fonr-winged fly {Micro- 
gaster jpaleacritas^WQy).^'^ After issuing from its vu^tim the Microgaster 
larva spins its pale, greenisli-wliite cocoon alone, and not in company. 

c’Notca on N. A. Microj^astors, Tran.s. Acud. Sci., Saint Loui.s, vol. 4, p. 311. 
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The flies issue iu May, and we have bred the same species from cocoons 
from Canker-Worm larvae (doubtless vernata), received from Mr. J. 
Pettit, of Grimsby, Canada. About 10 per cent, of the worms which we 
have endeavored to breed have been destroyed by 
this parasite. Harris mentions the larva of another 
four- winded fly (probably Microgaster\ which preys 
on the fatty substance of the Canker Worm, and 
weakens it so much that it is unable to go through 
its future transformations, and that of a two- winged 
fly belonging to the genus Tachina, which also 
infests the worms, destroying about one-third of 
_ ^ them iu Massachusetts. He says he has seen the 

(niter Tackard). former of tlicsc flics stiiig scvcral Canker Worms in 

succession, and swarms of them may be observed around the tree as 
long as the Canker Worms remain. Their services, therefore, are doubt- 
less very considerable, but it is impossible to say, from present informa- 
tion, upon which species they prey’, or whether upon both. We also 
received from Air. Pettit, in addition to the Microgaster paleacritw which 
he found upon Canker Worms, at Grimsby, some net-work cocoons, 
inclosing each of them a parasitic larva, which had preyed upon the 
Canker Worm. Each dead Canker Worm was secured to the leaf 
upon which it rested by one of these cocoons, which seemed at first 
sight to be a cluster of eggs attached to the body of the Canker Worm.*^^^ 
From subsequent experience with the genus we have little doubt biit 
that these were larvm of Euplectrus. 

The maggots of the Tachina i)arasito, mentioned by Harris, live singly 
within the bodies of the Canker Worms, till the latter die from weak- 
ness ; after which they undergo a change, and finally come out of the 
bodies of their victims iu their perfect form. 

There is also a very minute and undescribed species of Platygaster 
(so called), first discovered by Mr. E. C. Herrick, of ATew Haven, Conn., 
which pierces the egg of the Fall species, and drops one of her own eggs 
into it, from which in due time the perfect lly’ develops. Sometimes 
every Canker Worm egg iu a cluster will be found to have been thus 
punctured and seeded for a future harvest of the Platygaster. The 
young of this Platygaster is an exceedingly minute maggot, hatched 
within the Canker Worm egg, the shell of which, though only one- 
thirtieth of an iiich long, serves for its habitation, and the contents- 
for its food, till it is fully grown ; after which it becomes a chrysalis 
within the same shell, and iu due time comes out a Platygaster fly, like 
its parent. This last transformation' Air. Herrick found to take place 
towards the end of June, from eggs laid in November of the year before;^ ' 
and he thinks that the flies continue alive through the summer, till the 
appearance of the Canker Worm moths in the autumn affords them the 
opportunity of laying their eggs for another brood. As these little 


**Ainer. Eutomologist, v. 1, p. 240. 
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parasites i)reveiit the hatching’ of the eggs wlicreiii they an* bred, ainl 
as they seem to bo very abuiuhiiit, they must be of grout use in ])rovout- 
iiig the increase of the Canker Worm. Without doubt sucli wisoly- 
ai)pointed moans as theso were once enough to keep within dno bounds 
these noxious insects; but, since our forests, their natural food, and 
our birds, their greatest enemies, have disapi)eared befon*. the woodman’s 
ax and the sportsman’s gun, we are left to our own ingenuity, perse- 
verance, and united elforts, to contrive and carry into elfecrt other means 
for cliecUing their ravages. 

Anunig the cannibal insects may be mentioned tin* (1 round-beetles, two 
of which >ve have found preying ui)on the Bpring species, namely, the 
Rummaging (Iround-beetle {Calosnma scrutator^ Pabr., PI. li, Fig. 4), a 
large and beautiful inscijt with golden-green wing-covers, and having 
the rest of the body marked with violet-blue, gold, green, and copi)er; 
and the Fiery Ground-beetle (Calosoina califhon^ h’abr., FI. 1, Fig. S), a 
black species, of almost equal size, with coi>per colored spots on the wing- 
covers. Tliese be(‘tles do not pursue their prey by tbght, aUhoiigh they 
“‘can lly, but they are very active, and run over the grohnd inseare.h of 
soft-bodied worms, and will even mount iiium the trunks of trees for the 
same puri)()se. M r. Charles K. Dodge informs ns that he was able to ti wd 
either of these beeth‘s, almost at any time du ring the Caidcer Worm sea- 
son, upon the elm trees in New Haven, Conn., Just b(‘low the, tin hands 
witli which the trees were protected. The J5-s])otted Lady-bird (Fy.vm 
qvindeininpunetata), he states, was also met with in the same situation 
earlier in the season. 


“The Fraternal Fot ter- wasp (Eumcncs fmicrna^ ^Jiy)> stated by 
irarristostorcher cells with Canker \\m*ms, often gathering eighteen or 


twenty of them for a single cell. 
This wasp (Fig. M a) is <iuite com- 
mon ill Saint Louis County, jMis- 
sonri, and uses other species be- 
sides Canker Worms as food for its 
young. Its clay nest (h"ig. 3 hj en- 
tire; c, the same cut opcui shortly 
after it was built, showing the 
manner in which it is compactly 
crowded with green worms) may 
often be found atta('hed to the 
stems of the Golden rod and of 
other plants in the opiui air, qr < 
some tree. It has even been found 
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Fk;. frntrrint : n, wmh]) ; b, (■(.il ; 

• !•, t.uii l ilt (AUlt 

•emeu ted muier me loose dui k oi 
attached to the leavcvs of a decidu- 


ous plant, where it must necessarily fall to the ground in wint(*i‘ and 
lie there till the perfect insect issues in the following suiniiuir.”-*' 


The earliest record tliat we have of any bird being an einuuy to Canker 
Worms is in Samuel Deane’s dictionary,*-^^ where fhe nanu*. of the bird is 


« 2d ln,s. aio., p. 103. 
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not given. Probably this is the Cedar-bird {Ampelia cedrormi)^ which 
Professor J^eck mentions in his prize essay as Ampetia garrulus. 

Mr. J. W. Robson, in tiie Western Fanner for May, 1871, gave the fol- 
lowing testimony as to the birds which destroy this worm : • 

The Blue-hinl deHti* 03 ’M large iimnhers, not of larvae alone, hut of fully developed 
moths ill the fall, aiul again in the spring they return just in time to devour the iii- 
•sect as it emerges from the soil. 

The Cedar-bird is another enemy. This little bird is a gross feeder, and when the 
CJankor Worms appear in great numbers, as they sometimes do, it will come in large 
docks and feed upon them day after day till the p st is Hiihdiied. 

. I’lio Buteher'bird also feeds its young largely upon the larvie. Wo well reruoinber it 
clearing two tn'os literally covered with this cateipillar, and so well did that pair of 
Shrikes do their work, that those same trees have not been tronhled with the insect 
since. 

Ill the American Naturalist 8, p. 271), Dr. Packard quotes Mr. C. J. 
IVIaynard, of Ipswicli, Mass., who has examined tlie stomachs of some 
three thousand birds, as giving the following Ibrmidablo list of species 
which devour the Canker Worm:®^ 

In answer to your questions relative to birds eating Canker Worms and the larvjB 
of other injurious insects, I would say that uj)on examining my notes, I find that I 
have taken Canker Worms fnnn the stomachs of the following species: 

Red-eyed Virco ( Vireo oUvaceua), Song-sparrow (Meloftpizamelodia)y Chickadee(PtfrMa 
airicapillus)y Scarlet Tanagcr Robin {Tur dm migrator im)y BUicU-hilled 

Cuckoo (Cocc//a'ii« trythrophthalmua)^ Wood Peweo (Contojma virefts), Least 1‘eweo ( AV/ipi- 
donax minimua)^ Wilson^s Thrush { Turdua fuaceacena)) lUack and White Creepers (J/m/o- 
tUta raria)y Blue Yellow-hacked Warbler {Parula anm'kana)^ Maryland Ytdlow-throat 
{Geothlgpia trichaa)^ Nashville Warbler (Helminihophaga ruJicapUla)^ Golden -crowned 
Thrush (Seiurua aurocapillua), Chcstuiit-sidcd Warbler (Dendroica pGnnaf/1vaHica)y Yel- 
low Warbler (/>. wativa), Bhick-aiid-yellow Warbler (7>. maculoaa)y Prairie Warbler 
(D. discolor)^ Black-polled Warbler (D. atriata)y Canada Warbler {Mgiodioctea canadea- 
aia), Red-start {SetopJutga ruticilla). Cedar-bird (/Imptlia ccdroritm)y Cat-bird (Mimus 
carolivenaia), Purple Fiueli ((.'arpodacua putpureua), Whito-winged Cross-bill (Curviroa- 
ira Uucopt€ra)j Chipping Sparrow {Spizella 80 cialia)j Indigo-hird (Cyanoapiza cyanea), 
Red-winged Black-bird (Jgvlaiua jjlficniceva). Cow Black-bird {Molothrna pccoris), Bob- 
0 -liuk {Volichonyx oryzivorua)j Baltimore Oriole {IcUriia haltimore). 

Other correspondents mention the King-bird, Purple Grnkle, Uouse 
Pigeon, all the Yireos, Downy Woodpecker, Summer Yellow-bird, Blue- 
‘bird, Ooldcii-wiiiged W^oodpecker, Golden Robin, and Yellow-billed 
Cuckoo. With such a formidable array of feathered enemies, the sud- 
den disajipearaiice of the Canker Worm, for a term of years, from Or- 
chards where it was wont to play liavoc, is no longer to be wondered at. 

DESTRUCTIVENESS OF CANKER WORMS. 

The apple and the elm trees have, perhaps, no enemies that cause a 
more ellective and universal blight than the Canker W'^orms. Dr. Le 
Baron names the Spring species as one of the five enemies of the apple 
tree which hold a bad pre-eminenee, and says that whilst looking at the 
aiiplo trees blasted by these injects ho was struck witli the appropri- 


*> The determination of the spocies of the worms is, however, subject to much doubt. 
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ateiiess of tlieir popular name, for in tlieir earlier periods, by eating nu- 
merous irregular holes through the leaves, they reduce them to a skele- 
toiilKed condition and interrupt the flow of sap, and the leaf becoming 
withered and brown before it is wholly eaten gives the tree the appear- 
ance of having been scorched with fire. Ilairis says it reduces the foli- 
age of our fruit trees and of our noble elms to withered and lifeless 
shreds, and causes whole orchards to look as ii* they had been siuldenly 
scorched with fire. Eathvon says that wlu ii tlie (kinker Worms have 
overrun an aiiple tree, the leaves which they have not devoured will 
present the dry and browned appearance of a. rose-bush that has been 
devastated by rose-slugs. 

Mr. John Tinker, of Clinton, Hock County, Wisconsin, states^* that 
ap])le trees will j)erish after having been defoliated three yi'ai'S in suc- 
cession, and Dr. Lelhiron says that in the tilth year in which the Canker 
Worms hada])]ieared in the orchard in which he made his observations, 
some of the trees were dead and others wTre in a dying condition. 

We know of few more discouraging sights than an orchard which has 
been badly injured by tbese pests, presenting as it does, in midsummer, 
the seared «and blasted aspect that follows lire. 

Where they have become established and are neglocted, their rava- 
ges soon become very groat, but our own experience, in Missouri and 
Illinois, would iuilicato that old orchards suffer most. 

THE FALL GAHEER WORM. 

{Anisoj[)teryx immctaria Harr.) 

RANaE OF THE SFECIES. 

There is no evidence that pometaria occurs at all anywhere in the 
Mississippi Valley, since an examination of the specimens, of Canker 
Worms in Dr. LeBaron’s cabinet, and in our own, proves them all to 
be the true or Sjiring species. Indeed, until we received specimens of 
imnetaria from Mr. II. K. Morrison and Mr. Mann, we ha<l never seen 
the species, the male specimens which we mistook for it in former years^ 
being in reality specimens of vernata^ whicli approach it in the markings 
of the front wings. 

As Canker Worms are not very injurious in Canada, and occur, when 
at all, generally in October and Novemlier, our Canadian neighbors are 
doubtless afllicted with the Fall species. 

The Fall species may be said to range from the eastern shore and the 
northern boundary of jMassacliusetts to the western extremity of the 
Canadian peninsula, between Lakes Ontario and Erie and the southern 
shore of Connecticut and Rhode Islaud. Probably its range is wider, 
but we only ha\ e reliable reports from about Salem, Boston, and Cam- 
bridge, Mass., and Haven, Conn. • • 

**LoOftrou, 2d Kept. Xus. HI., p. 102. 
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Morrison and Packard both that It is much less common than ver- 
nata fin Massachusetts], BeUiuiie,*^® probably referring to this species, 
says that it is not often met with in Canada, the only native specimeua 
he had seen having been found, by Mr. Johnson Pettit, at Grimsby, 
Ohtario, during November, ISGO, and the following winter.®® Keferriug, 
evidently, to the same species, Saunders says, in 1875,®" that the Can- 
ker Worms are now becoming i>leutiliil in portions of Ontario, par- 
ticularly in some parts of the Niagara district.’’ 

CHARACTERS. 

Under critical examination the Fall Canker Worm is readily distin- 
guished from theiSpring species. On the average the imago is some- 
what larger and more glossy; the fore wings are a little more elongated 
toward the apex, making the outer edge a little longer and more ob- 
lique ; they are of a peculiar ochreous-brown tint, as in the European 
wscularia; they have a distinct white si)ot on the front edge, and arc 
crossed by two pale, jagged bands, along the sides of which are several 
blackish dots. 

The hind wings have a more or less distinct, pale, curved line across, 
their middle. The female is uniformly dark ash-gray above, paler be- 
neath, and with naked antennae ; her legs and abdomen are smooth 
and glistening, and she has no extensile ovipositor. 

Thus these iniagos lack the characteristic dorsal spines of vernata>^ 
the dusky marks across the front wiugs of the male, and the pubes- 
cence in the female ; and there are many other minor differences, which 
are mentioned in detail in the tabular and coini)arative description al- 
ready given of the two insects. 

We give the follow ing detailed descriptions from the Seventh En- 
tomological Eeport of Missouri. 

Anisopteryx pometaria Harris — Egg — Length, 0.025 inch; average diameter 
two-thirds the length ; llattencd at top where it is somewhat larger than at base. 
Color of crown purplish-gray, the surface slightly corrugated, with a central dimple 
and a brown circle just wilhiu the border ; sides smooth and more silvery, and gener- 
« ally somewhat compressed by pressure of adjacent eggs. Laid in exposed situations, 
in patches or strips, attached in regular rows, and fastened to the bark in a slightly 
filahting position so that one edge of the crown is a little above, the other a littla 
below the general level. 

Xart'a— Color palo-brownish, lunrked with dark brown and yellow ns follows: The 
dorsum uniformly dark brown ; the sides with three pale narrow lines, more oi less 
irregular and mottled, but always well relieved, the two superior ones white, the 
lowermost yellowish ; the subdorsal space between the upper two of tlicso lilies, palc^ 
the Btigmatal between the lower two darker, especially iu middle of the joint arouud 
stigmata; the thoracic joints dark with the pale lines somewhat narrower and rnu- 
niag up to the head. On joint 11 those lines are constricted or entirely broken, so aa 
to leave a dark band across the middle of the joint. The head is dark brown above 
and at sides, bat paler iu front. Cervical shield also dark with the yellow lines rnn- 

•• Canada Farmer, v. 4, p. 133. 

••Relit. Fruit Grower’a Aaaoc. On tar., for 1870, p. 88. 

•• Sixth Auu. Kept. Enteiu. Oatar., for 1875, p. 27. 
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ning through it. Venter olivaceous, the legs more reddish, there being three paira of 
prolegs, the pair on joint 8 only half as long as those on 9, but with perfect hooklcts; 
the thoracic legs quite hirsute and terminating generally in two thorns. Piliferous 
spots obsolete and with a very few scarcely distingniBhable pale bail's, except on anal 
shield and legs, where they are stouter. Anal shield and legs with brown piliferous 
dots. The larva wlien first hatched is yellowish-white, with the black eyelets show- 
ing distinctly on the pale head. It soon dcopcMis to ]»ale olive green, with a large pale- 
yellowish head and pale legs. The light lines of the mature larva are, at this early 
stage, faintly indicated and the piliferous spots give forth short, fleshy, pale hairs. 
The third pair of prolegs is distinctly visible, but is not used in locomotion. After 
the first molt the head and thoracic legs become somewhat browner, and the olivace- 
ous green more bluish. After the second molt, the dark colors show much more dis- 
tinctly. 

Described from numoroiis full-grown specimens received from Mr. B. P. Mann, others 
received from Dr. A. S. Packard, Jr., and a large number of all^ages reared by myself 
from the egg. 

It varies somewhat in intensity of color, and in some the light and dark browns 
uro not so sharply separated, hut the dorsum is generally nniform and the three lat- 
eral yellow linos distinct. Up to the second or last molt, the gencr.il color is, with 
rare ex ceptioifs, greenish; but in the last stage, the dark-brow'ii or black predomi- 
nates, and is sometimes so general that there is hut the faintest traeo of the superior 
yellow lines. Occasional specimens, even when young, show in the siibdorsnl dark 
space one, and in tlio dorsal dark space two, very fine and faint pale lines. Differs 
«utirely from vernata in lacking most of the characteristic spots in front of the head 
of that species, and the two pale transverse marks ; in having the dorsum darker in- 
stead of lighter than the rest of the body ; in lacking the mcdio-dorsal pale lines and 
the characteristic x-like marks ; in the broader, more conspicuous pale lateral lines, 
and in the snbdorsal space being darker than the stigmatnl; and lastly in the addi- 
tional, though atrophied, abdominal prolegs. It is a smoother larva. 

Chrysalis— ColoT light brown, wdth the wing-sheaths, a medio-dorsal shade, sutures 
and stigmata darker. Length 0,!10-0.35 inch; stout, wdth the wing-sheaths and 
their veins distinct in the female ; a dorsal, hiiid, deenrved tubercle near the tix> of 
anal joint. 

HABITS AND NATURAL ITrSTOPt-Y. 

In ninny partieulnrs the habits of this siiecies and those of the Spring 
epedes are similar. We will mention here more particularly those hab- 
its wlierein the b\nll siieeies dill'ors from the other: 

Issuance of a iiE moth. — Tlie moths rise from the ground, for the 
most part, late in tlic fall of the year — generally beginning about the 
middle or hitter part of October — allhougli a considerable number come 
out of the earth in the winter during warm weather and in spring. 

Of twenty -seven chrysalides from which wo obtained moths in 1875, 
a portion of the cocoons being placed in a covered flower pot outdoors 
so tliat they might be stdnnitted to the iulluence of frost, and another, 
portion being retained in breeding cages indoors, so as not to be ahected 
by frost, the former began to Issue first, and a larger percentage of 
moths were obtained from that portion than from those kejit indoors — 
which would indicate that a low, freezing temperature, followed by a 
thaw, assists development, though by no means essential. These moths, 
•two of which were males, and twenty -five females, issued almost daily 
from Noveinber 8 to December D. 
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Mr. Mann says:®® Of sixteen elated specimens of the. male, twelve 
were taken in October or November, and lour in March or April. Of 
several hundred females, four were taken in April and the rest in No- 
vember. Again, he says that he has captured iinagos during eyery 
week froin the last week of October to the middle of Jamiary, inclusive, 
in the last week of March, and in the second, third, and fourth weeks of 
April. 

Under conditions of eonhnenient we have observed that two males 
mated with live females ; whether the males are polygamous in a state 
of nature we cannot say. It would seem, however, from the circum- 
stance, that out of lifty-eight chrysalides, lii'ty-six were females, that 
stich was the case to an eminent degree. 

OvirosiTiGN.—? Ill depositing her eggs, the mother-moth does not hide 
them away under the loose scales of bark, or elsewhere, as is the habit 
with the female of the spring six^cies, but lays them in the forks of the 
small branches, or close to the young twigs and liiuls, or* on the bark 
of the trunks of the trees, in regular, compact baUdies of from GO to 200 
eggs, placed in a single layer upon their ends, side by side, lirinly fast- 
ened together and to the bark by a strong glue, and coated with a gray- 
ish, water-proof varnish. From five impregnated feinales, wliicli we 
raised in confinement in 1875, we obtained the full compleinent of eggs, 
which were laid, by four females in single batches of 224, 230, 241, and 
243 , respectively, and by one female in two batches of 142 and 03, re- 
spectively. The first four batches were laid on the smooth pine sticks 
that supported the muslin cap of the breeding cage; tlie last two on the 
muslin. In each instance the time occupied in ovipQsition was betweeu 
two and three days. None of the uniiiipregnated females which we 
raised laid regular batches. ]\Iost of them laid a few scattered eggs, 
generally singly, but also in small groups ranging from 2 to 54. 

Immediately after the insects have thus provided for a succession of 
their kind, they begin to languish and soon die. 

Season op appearance op the worms.— Although the eggs are 
laid at such different periods, during fall, winter, and spring, they do 
.not hatch any earlier than those of the spring species. Tire larvee, at 
first minute and thread-like, apxrear as the leaves begin to form, 
develop very rapidly, and with favorable Aveather enter the ground to. 
form their chrysalides within three weeks after hatching. Harris says 
that the eggs are usually hatched between the first and middle of May, 
and that in the vicinity of Boston the larvte do not become extremely 
voracious until June. ^‘.In the year 1841, the red currant flowered, and 
the Canker Worms appeared, on the fifteenth of May. The insects 
were very abundant on the fifteenth of June, and on the seventeenth 
scarcely one was to be seen.’’ 

Dr. Packard says that “on the 9th of April, 1875, the eggs of this 

• Mpx'go, 8oc. Nat. HiHt., t. 15, p. 384. 
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species were not devoloped unless in a very early stage of tljo embryo.’^ 
Specioieus of the hirvfc were gathered by him June 15. 

Mr. Mann found the larvic descending fioiii elm and apple trees on 
the 17th of J une, 1ST2. 

It is a singular fact tliat the larva undergo(‘s but two molts exclii. 
sive of that wliich tak(*s place underground in the transformation to 
the chrysalis. 

Season oe piipa'i ion. — The chrysalis is not formed till about a month 
after the larva has enlei(‘d the ground. 

Food-plan'I’S. — This species is found more particularly on the elm, 
and occurs also oii the api)le, but in oiir experiments upon hirvie kept 
in coiilinement, iii 1S75, wo did not perceiv-e that the larvje had any pref- 
erence for one over the other of the h*a\'es of elm, apple, and cherry, 
though they evidently relislied peaxfh leaves the least, and reji^eted them 
when the other three kinds could be had. 

One or the otlier species — it is uncertain wliich — attacks the niaide. 

REMEDIES AND PREVENTIVE MEASURES APPLICABLE TO BOTH 

SPECIES. 

It may be laid down as a maxim that no injurious insect can be com- 
batted successfully without a thorough knowledge of its habits and 
transformations. This knowledge having been conveyed in the prcced- 
iiig pages, we will now consider what are the i)roper remedies for the 
ravages of these insects. The absence of wings in the female gives us 
at once a jiower over her which is half the victory; and anything that 
will prevent her ascending the trunk will, in a great measure (but, as 
we shall see presently, not entirely), preserve the tree from the ravages 
of the w orm. 

In the following account the author’s luevious writings have been 
largely drawn upon, and iiarts in quotation marks not accredited are 
taken therefrom. The remedies are ai)propriate for either sj^ecies here 
considered, though they should be aiiplied most assiduously either in 
spring or autumn, according to the species to be dealt with. 

STICKV SUBSTANOl'.S. 

Numerous indeed have been the devices — patented or unpatented — 
which have at <liirereiit times and in dilferent i)arts of the country been 
used to accomi)lish the desired end; and every year our agricultural 
journals report individual experiments with some one or other of these 
devices — some favorable and others adverse. Those most generally in 
use have consisted of some application of a sticky nature to the trunk of 
the tree, whereby the leet of life moth may bo encumbered ^nd from which 
she may be unable to escape. Various substances have been used lor 
this purpose, of which I will meiitiou tar, bird-lime, refuse sorghum mo- 
lasses, printers’ ink, slow-drying varnishes, and melted india-rubber; this 
last always retaining its soft viscid state, while the rest become dry and 
Hardened by exposure to the air. 
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The editor of the Netc England Farmer thinks that oil and rosin, boiled 
together in certain x^roportious, which have to be ascertained by ‘‘the 
rule of thumb,” answers a better purpose than tar, because it does not 
dry up so much on hot days, and therefore does not require to be re- 
newed every day, as tar doe^s. . ■ 

The methods of application of these substances have been as diverse 
as the substances themselves. They have been api>lied either directly 
around the body of tlie tree, or over a broad belt of clay-mortar, or on 
strips of old canvas, ou sheep-skin, on stiff paper, on the under side of 
a horizontal and close-fitting^ collar of boards fastened around the trunk, 
or on four boards nailed together, like a box without toj) or bottom, 
around the base of the tree, to receive the application on the outside. 

Whatever substance is used must be renewed as often as it becomes 
dry or as the surface ceases to be sticky or becomes coated with a mass 
of captured moths. 

It cannot be denied that it requires a great deal of time, labor, and 
expense to continually renew these applications on every tree in a large 
orchard during so many months of the year; while the application of 
tar directly to the bark is more or less injurious to the trees. Foi* these 
reasons, refuse sorghum molasses will be found much better than tar 
for the purpose, as it does not harden so rapidly, and is said not to be in- 
jurious to the tree. In neighborhoods where sorghum is grown, it is 
also much cheaper. It may bo thickened with flour to bring it to the 
right consistency for use. If tar is used, it should be entirely scraped 
from the bark when the season for which it was needed is over; and if 
bandages are used they should be removed at the same time. That it 
will pay to do this work in orchards where the Canker Worm is known 
to be numerous, there cannot be the least doubt. The old adage, “ What 
is worth doing at all is worth doing well,” was never truer than in fight- 
ing this insect. 

Mr. B. D. Walsh calculates the cost and the i>rofit in the following 
way:®® 

To head the Canker Worm, therofore, effectually, the trees must ho tarred afresli 
every day from the latter end of October to the iiihUllc of May, or to about the time 
that the ap])Ie leaves are completely put forth, omittirjg to do so on cold flays in tlie 
dead of winter. Call the whole net time loO days, to be on the safe side. A man 
could certainly tar 100 trfjcs in an hour, wliich would mahe ir)0 lionrs, or iiftoen flays’ 
work for saving the axjplc crop of 100 trees. Put wfn k ns Jiigli as yon ])lf^aHe and 
apples as low as yon please, ami the operation, viewed as a fpiestion of dollai's and 
cents, is most certainly a paying one. 

‘^Apply the remedy thoroughly during two successive years, and you 
have utterly routed the enemy, and ^liis is more especially the case 
where an orchard is not in too close proximity to the timber, or to 
slovenly neighbors. Fail to apply the Vemetly, and the enemy will, 
in all probability, rout you. The reason is sim[de. The female being 
wingless, the insect in very local in its attacks, sometimes iswarmiiig 
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in one orchard and being unknown in another which is but a mile 
away. Thus, after it is once exterminated, a sudden invasion is not to 
be expected, as in the case of the Tent Caterpillar and of many other 
orchard pests; but when it has once obtained a footing in an orchard, 
tt multiplies the more raindly, for the very reason that it docs not spread 
fast.” 

An account is given in the Western Rural of a very good plan adopt- . 
ed by a Mr. Smith, of Des Moines, Iowa, for applying coal-tar, molas- 
ses, or other sticky substance. •He first makes a slight mound of earth 
around the tree, smoothing it at top; brown wrai)i>iiig-papor, to bo 
smeared, is then tied around the tree and turned down over the mound. 
The moisture of the earth prevents too rapid drying of the tar, and the 
plan proves at the same time a ineventivo of the Kound-headed Borer. 

For those who wish to do work thoroughly wliile they are about it, 
and who believe that a little extra time and expense at the start is more 
than saved in the long run, I do not know that any better contrivance 
could be recommend(‘d than the hanging tin band described below. But 
I would remind the readiT that even so perfect an ^estopper^ as this 
may measurably fail if directed solely against the moths. The worms 
that hatch l)elow the trap, and which are more difficult to manage, must 
also be headed off; and I would insist, in pursuance of this object, that, 
in addition to the directions given for its use, the muslin be tied around 
the tree over a layer of cotton wadding, and that the contrivance be 
kept on the tree and the tin oiled at least three weeks after the tree 
begins to leaf out in the spring. The eggs laid below the trap should, 
of cours(‘, be destroyed as far as they can be, and such destruction in 
dealing with the .si)i ing species will be facilitated by a bandage of rags 
below the trap, or by anything that will afford the moth shelter for her 
eggs and that can be easily removed and scalded; where no such lure 
is used, au appli<*atiou of kerosene will ])reventthe eggs laid on the tree 
from hatching. But some are likely to be laid wluue they eseape the 
closest scrutiny, and while the precautions I have indicated will insure 
against the ascent of such, wliether from the Fall or Spring species, with- 
out those precautions some of the newly-hatched worms, which can pass 
through a very minute crevice or over the smoothest surlace, may get 
into the tree ; and though they may be so few in numl>e.rs as to attract 
no attention, they nevei theless perpetuate the species in the orchard.” 

HANGING TIN BAND. 

This hanging tin band w^as first described in the Cultivator and Coun- 
try Gentleman for May, 1873, and* afterward in the Illustrated Aiimial 
Register of Rural Affairs, jiublished by Luther TiicJcer and 8011 , of Al- 
bany, N Y., and is very favonibly spoken of by that careful horticult- 
ural writer, Mr. J. J. Thomas. Jt has been used successfully by C. L. 
Jones, of Newark, N. J., and >ve should advise 4 he use of it, if kept* 
properly oiled, over all forms of troughs whatsoever, for they tOo ofteu 
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get filled up with the dead bodies of the moths or with leaves, or get 
bridged with spider-web; and where fastened directly around the tree 
must needs be renewed as the girth of the tree increases. 

Fig. 4 represents the contrivance, ‘‘which consists essentially of a 
band or circle of tin, a few inches outside the trunk of the tree, and held 
there by a circle of muslin, attached to the tin at its edge and drawn 
with a cord at the to;), so as to fit the tree closely and prevent the in- 
sects from getting up without going over the tin, covered with a mixture 
of castor-oil and kerosene; as soon as they 
touch this, they drop to the ground. Fig. 5 is 
a section of the contrivance, and Fig. G a sec- 
tion of the union of the tin and muslin, effected 
by turning over the upper 
edge of the tin before it is 
bent to a circle, inserting 
'the edge of the muslin, 

I and hammering them to- 
getlier. The tin may b(i 
about three inches wide, 
and long enough to rest 
three or four inclu*s off* 
from the trunk, when bent 
around in the form of a hoop, and sectured by rivets or small tacks. 
After the tin and muslin are attached to the tree, the whole inner or 
lower surface of the tin is daubed with a mixture of equal parts of kero- 
sene and castor-oil. The tin and imislin entirely protect the oil from the 
sun and the weather, and it will not dry for several -days. It will not 
run down, as the castor-oil thickens it. Of course it needs occasional 
renewal, with a small brush or feather. This protector is kei)t on the 
tree till the moths disappear.’’ 
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Fig. 4.— CaukcT-wurm traj). 


Fio. 5.— Section of caiikor* 
worm trap. 


TROUGHS OP OIL. 

Another remedy, calculated to prevent the moth, and the larva as 
well, from ascending the tree, is the use of a trough to contain some 
substance, usually of an oily nature, which kills the insects as they 
^come in contact with it. These troughs are made of tin, lead, 
rubber, iron, or other substances. The ])rincipal objections to 
^ their use are their cost, the difficulty of fixing and keeping them 
|l in their places, and the injury suffered by the trees wlieu their 

H contents are washed or blown out and fall on the bark. They 

p ought not to be nailo<l, as the nails are found to bo injurious 

I to the trees, but sliould be supported by a few wooden wedges, 

I driven between them and the trunks. A stufling of sea- weed 

H or fine hay, wdiich will not absorb oil, is much better than one 

Fio. e. of cloth, cotton, qr tow. Before tlie troughs are fastened and 
filled, the body of the tree should be well coated with clk^ -paint or white- 
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wasb] to absorb the oil that may fall upon it. Care should be taken to 
renew the oil as often as it escapes or becomes filled with the insects. 
These troughs, though costing more, will be found less troublesome than 
tar, and may safely be recommended and employed, if proper attention 
is given to tlie precautions above named. 

If oil-troughs are used, it will be found much safer and surer to 
sink them in the ground close afround the butt of the tree than to wind 
them around the trunk higher up. There will then be no chance for the 
young worms to get up between the trough and the tree, and all danger 
of hurting the tree with oil or tar is entirely avoided. 

The following description of a trough of this kind is taken from the 
report of a committee chosen to award a ])remium of $100, offered in 
1871 (^) by the Essex (Mass.) Agricultural Society, for a “new, cheap- 
and effectual remedy against the ravages of the Canker Worm’^ 

The protector used l»y Mr. Sawyer is simply a troiiffh or gutter laid upoji the ground 
around the tree, and tilled with coal-tar from the gns-works. The troughs iis*mI hy 
Mr. Sawyer arc made of two-hy-lhree joists, sawn from two-inch plank. A channel 
an inch or more deep and an inch and a half wide is grooved out, and the stock is 
then sawed off in a niiter-hox at suitable lengths for different sized trees, and the 
pieces nailed together, one side slightly, so that it can be easily removed when placed 
around the tree. A square box or trongli is thus made which is laid level on the 
ground around the tree. Tlio space hotweeu trough and tree trunk is lillcd with dirt, 
the trough itself filled with coal-tar from the gas-works, and the work is done. 

The tar bas rosin oil mixed with it, and is stirred up or rei>lenished 
three or four times iu autumn, and the same in spriug. 

“On plowed land it is easy to level up the earth around the tree, but 
on grass-ground it may be necessary to carry sand or dirt on which to 
place the trough. The troughs first used by Mr. Sawyer had a cover 
of boards to prevent the rain and leaves Irom getting into the tar. But 
he finds the plain troughs just as effective at less than half the expense, 
although they require a little more care. lie states that he made bis 
troughs liimself, and that they cost from twelve to seventeen cents per 
tree. Of course they can be made from the cheapest, coarsest plank, 
and after they are laid down the tar will help to preserve them many 
years. 

“The cost of the coal-tar is said to be wsmall. Mr. Sawyer states that 
he found it necessary to stir the tar but two oi- tlireo times iu the spring, 
or fall, and that few troughs required refilling. At the time of holding 
the annual fair in Gloucester, he told us that by stirring the tar, then 
in the troughs, many of them would ell'eclually bar the passage of tluj 
grub. These statements seem to show that the trees will require but 
little laborer expense for several years after the troughs are put down. 
The testimony of other parties who have used these troughs is uiniui- 
mous as to their effectiveness when properly used. 

“The troughs used by Mr. Leach differ from those of 3Ir. Sawyer 
only in having a triangular channel, Avhieli Mr. Savfyer admits to bean 
improvement. Mr. Leach thinks his troughs can be furnished ready 
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for the trees at 25 cents each, as orchards average. Of course the ex- 
pense will depend largely on the quality of the lumber used.” 

Another contrivance is an old one tliat has been employed for nearly 
forty years in Massachusetts, and lately used with satisfaction by Mr. 
John G. Barker (when gardener to Mr. G. G. Hubbard), of Cambridge. 

Fig. 7 is a section of the whole contrivance— a a being the zinc roof over the oil 
troughs, h h} d dj the surface of the earth ; c c, the tar or lime which is used to fill the 
box around the tree. 

Fig. 8 is a smaller view of tho same. The box is square, large enough to leave 
abont four inches of space around the tree; is sunk some four inches in the ground, 
and rises about ten inches above the surface. The trough 
is in shape like the letter V, two inches deep, and is made 


Fig. 7.— Canker-worm trap. Fio. 8.— Canker-worm trap— 

Roction. 

by a tinman before nailing on the box; it is tacked on two inches below tho upper 
edge of the box, and then the roof is placed in position and secured by a single screw 
into the upper edge of each side or board. It must, of course, be placed in a level 
position, to bold the oil. This is done by means of a spado used in setting the box in 
the earth. The box and roof are nearly completed in the tiiishop, but tho corner of 
both must be left open till placed around tho tree, when tlio parts are soldered to- 
gether. Tho roof is about four and a half inches wide, w'itli the outside turned under 
about the fourth of au inch, to keep it stifiT and in shape. In order to oxamiiie the oil, 
and to see that all is right, jr, is necessary to loosen one of the screws. The box will 
vary somewhat in size with the magnitude of the tree; with a trunk six inches in 
diameter, tho box should be about fourteen inches sipiare and fourtecu inches high; 
for a trunk a foot in diameter, it should bo about twenty inches square; but a vari- 
ation of two or three inches would nob he of great importance. A few inches of tan- ' 
hark or lime placed within, is for the purpose of preventing tho moths Iroin ascending 
inside. One pint of crude petroleum (costing 3 cents per tree, at 24 cents per gallon) 
Is oiiqugh for each tree. 

With a little care in making a close connection between the V-shaped 
trough aiul tlie box, the above contrivance must work to perfection, as 
indeed Mr. Barker found jt to do. Yet on ac<!onnt of the greater labor 
and expense of making and using it, and of the greater diilicnlty of ex- 
amining beneath it, the hanging tin band, described as used by Mr. 
Jones, is preferable. ** 

Belts of cotton wool have been used to entangle tlic feet of the moths, 
and collars of tin plate, fastened around the trecis and sloi)ing down- 
wards like gu inverted funnel, have been proposed, upon the supposi- 
tion that the mothsi w^ould not be able to creep in an inverted position 
beneath the smooth and sloping surface. 
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CLASSIFICATION OP CONTRIVANCES AND PRECAUTIONS NECESSARY. 

NTow, all these appliances, of whatsoever character, are divisible into 
two classes: First, those which prevent the ascension of the moth by 
entangling her feet, and trai)ping her fast, or by drowning her; and, 
second, tliose which accomplish the same end hy i)reveivting her from 
getting a foothold, and thus causing her repeatedly to fall to the ground 
until she becomes exhausted and dies. 

“ The remedies of the lirst class are thoroughly eifectual when applied 
understandingly and pcusistently. And by this I moan, that the or- 
chardist must know that many of the moths of vernata and most of 
, those o^jmmetaria issue in the fall of the year, and that the applications 
must, in consequence, be made at least as early as the latter part of 
October, and that they must be keptin elfective condition, through all but 
freezing weather, till the leaves have well put out in the following 
spring, and that if, at any season, the parents or the worms are run- 
ning in great numbers, they may bridge over the obstacles with their 
dead- bodies, oyer which the later individuals can pass, in which case a 
renewed application must be made. Furthermore, he must know that 
many of the moths — frustrated in their efforts to climb the tree — will 
deposit their eggs near the ground or anywhere below the application, 
and that the young worms hatching from them are able to pass behind 
the slightest crevice or over the finest straw. Thus, if troughs are used 
around the trunk, they must be fitted over a bandage of cotton wool, 
cloth, hay, or seaweed, so that when the trough is drawn tightly around 
the tree, it will do no injury, and at the same time all the inequalitiea 
of the bark will be filled up ; ^Hhe joint must likewise be kept smeared 
either with tar or molasses, and then the worms will not be able to pass. 
In the neglect to thus fasten them, lies the secret of failure which many 
report who use such troughs. 

“ Contrivances of the second class are of noavail whatever, for although 
the moth is unable to travel over a very smooth surface, I know from 
expeiience that the young worms can march over the smoothest glass, 
by aid of the glutinous silken thread which they are able to spin from 
the very moment they are born. For these reasons, even the ‘Merritfs 
Patent Tree-Protector,’ wdiich was so well advertised by Mr. Howard 
in his otherwise excellent article on the Canker Worm, in the Michigan 
Agricultural llcport for 18G5, must be classed with the worthless pat- 
ents. This ‘Protector’ consists of a ring of glass grooved below and 
hung from the tree by a tent of cjjiivas, to which it is fastened by an 
iron clamp.” 

The first year that tar, ink, or any substance which kills the moth is. 
used, there is constant danger that the moths will appear in such num- 
bers as to “bridge over,” and thus enable some to cross on the dead bodiea 
of their comrades. But after an orchard has been \t'ell protected, there 
isiittle danger that the moths will next year go up in sufficient numbera 
to do this. 
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Le Baron’s trap. — Dr. William Le Baron found, in 1871, that by 
attaching a band of iiolished tin closely around the trunk of the tree, 
so that the female moths could not ascend the tree without crossing this 
band, the moths were to a largo extent checked in their ascent, not from 
inability to cross the band, but from being ballled in their instincts. 
This preventive, however, was not thorough; but by fastening the tin 
band over a ring of roi)e with which the trunk of the tree was encir- 
cled, so that both the upper and lower edges of the behind might stand 
out Jfree from the trunk, the moths were completely baffled, and, if they 
reached the upper edge of the band, would not descend inside so as to 
reach the trunk- again. 

Mr. K. M. iMilliken experimented with this tin and rope trap in 1873 
on a small orchard of 39 trt^es, and gave the following, in the Frairie 
Farmer^ as his exi)ericnce: 

In 1873 I {ippliiHl t]i(5 ro])(j aiid tin in tlii.sway: 1 nailed a ropo tij^ht around the 
tree, took tin iivo inches wide and nailed it on the roi»c, luiU* the tin above the rope 
and lialf below it. I put it on with thrco-i>enny nails. After I put the tin on, I took 
lime and sand and made a thin mortar and poured it in on the rope to sto]) any holes 
that mi«ht be left. AVben the tin gets full b<?low, they will get on the tin, but won’t 
go down above to get on the tree. I saw them ou the tin (that is, the moth), but 
did not see one above it. 1 In-ivo known some to try it on a few trees, and condemn 
it because it was not successful. If the trees don’t stand more than two rods apa,rt the 
wind will carry plenty of the worms from one tree to another to strip it. My trees 
stand fully two rod's ajiart, and in 1872 they were one coinidcte mass of w’cbs, made 
by the wind carrying the worms from one tree to another. My trees measure from 
two to four feet* ill eirenmforeiice, and it did not cost me twelve cents for each tree. 

“If the trunk is kept clean below the trap, and an apiilication of 
l^erosene made to the eggs from time to time, there will be no neces- 
sity for plastering tlie upper part of the trap. It is more diffleult to 
check the ascent of the young worms than their parents, because of 
their miiinte size and power to travel over the smoothest surfaces. 
The best way to do it is by greasing the eggs and thus preventing their 
hatching. If the tin is smeared with a mixture of equal parts of kero- 
sene and castor oil, it will prove still more effectual.” 

Dr. Le Barou says further 

There is a period of about three weeks between the time of the laying and that of 
the hatching of the eggs, when the whole geiierjition of the spring Canker Worms is 
safely ensconced under the scales of bark on the trunk and larger branches; no matter 
whether they are deposited in the fall, the winter, or the spring, they are all there 
now, and just to the extent that we can destroy these eggs we shall exterminate the 
Canker Worms. It follows, therefore, that if we scrape off the scales and burn them 
we shall prevent the hatching of a considerable x»roportion of the worms. Yet many 
will remain ; i)robably the greater part of ihem will adhere to small scales, which our 
scraping will not remove. But by removing the larger scjiles the remainder will be 
more or less exposed, and the application of any w^asli that w'^e may desire to ,make 
will bo rendered easier and more eflicacions. Having scraped off the larger scalesy 
therefore, the next thing will be to apply some substance which will destroy the eggs 
without injuring the tree. Is any such substance kiiowm ? We have applied soft 
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fioap and a solution of Paris green to the eggs of tbe Canker Worm niotli without 
•destrojiiig tlieir vitality, hut the least touch of kerosene oil is fatal to them. Can 
this substance be applied safely to the trunks and branches of trees f Some half 
dozen experiments performed by myself, and recorded iu my second annual report, 
go to show that it can. Still, it is so powerful an article that wo have never ventured 
to advise its use, indiscriminately. We need further experiiiiiMds and on a larger 
ecalo. We would advise its use the iirsl; year on only a part of the tre«*N, and those 
the lea.st valuable. At any rate, the woiius will tleslroy your tiees in a few years, 
and a desperate disease sometimes recpiires a desperate remedy. 

It may be asked wlietber some le.s8 powerful wash will not answer the purpose. 
Noutj is known with certainty. We have heard <if coimnou lye from wood a.shes being 
used cliftctually, but the slatomont was too iiidetinite to have inneh weiglit. If the 
lye were, pretty strong, and es]K*oiaIly if it could be ap])lied liol, it a])pears to us that 
it would be as likely to prove elfeelnal as any wash we can think of less pot<uit than 
the kerosene. It would he inieresting to ex])eriment with lyc of (lilleieid degrees of 
strength; and if, as we have intimated, it could be served out Iiot from a large kettle 
sot in tlie oridiaid, it would undoubtedly he more el'fcctiial, and would rc<iiiiro the 
lye to be of le.ss strengtli. 

We have stated that this treatnient must he. limited to about thiee weeks in the 
year, being the time between the laying and tbe lialebing of the eggs. The reader 
may ask how he can defmilely determine this time. No fixed lime can be .stated in 
advance. It may vary nearly a month, aeeordiiig to season and latitude. The only 
way to detormiiie it is to examine the trees from time to lime, in the edge of tho 
evening when the moths arc most active, and observe when they have stoi>t run- 
ning for the season; give a week longer to make sure that they have all gone up, and 
thou scra ])0 the trees and apply the wash between this time and the hatching of the 
eggs, wliicli takes place about the time the apple leaves arc beginning to exx>and, 
and the red cuiTant to blossom. 

Jaurinc and burninc. — ‘‘Vigilaii(3e is the price of reward, and as it 
is always easier to prevent than to cure, it were well for tho owners of 
young oichiirds, iu neighborhoods wlierc tlie Canker Worm is known 
to exist, to keep a sharp lookout for it, so that upon its* first a])pear- 
ance the evil may be nipped iu the bud. In the same manner that it is 
exterminated in tlie imlividual orcliard, in like maiiiier, it may, by con- 
cert of action, be exteriniiiatod from any given locality. 

“ The worms should not be .allowed to reach tlie leaves, but where they 
* have thus been allowed it is best to strew the ground lightly with straw 
on a calm day, give the tree a good jarring, which will suspend all the 
worms in mid-air, cut loo.se the suspended worms hy swinging a pole 
above tluuii, wiiich breaks their silken threads and causes them to fall 
to the ground, and then set lire to the straw. A Canker Worm holo- 
caust will be the result and if this is done on a calm, clear day, with a 
little care the tree need not be injured. Even if the lire is not made, 
the w^orms may be prevented from returning to the tree by the same 
means wiiich were employed to keep oft* the perfect females.” 

Washes and dustings. — It is said than some persons liavesa%^ed their 
treOvS from these insects by freely' dusting aif-slacked lime over them 
while the leaves w^ere wet with dew. Showering the trees with mix- 
tures that are found useful todestro.y other insects has been tried by a 
few, and although attended with a good deal of trouble and exi>ense, it 
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may be worth our while to apply such remedies upon small aud choice 
trees. 

Dr. Harris tells ns (p. 339) David Haggerston, of Water-, 

town, Mass., has used for this purpose a mixture of water and oil-soap 
(an article fo be procured from the manufactories where whale-oil is* 
purilied), in tlie porportion of one pound of the soap to seven gallons of 
water; and he states that this liquor, when thrown on the trees with a 
garden engine, will destroy the Canker Worm and many other insecU 
without injuring the foliage or the fruit. ^ 

Paris green. — Mr. E. h\ Curtis, of Kockford, 111., described, in 1874, 
the successful use by him of Paris green in water, as had been sug- 
gested by Dr. Le Baron. He apiilied this mixture — a table-spoonful of 
Paris green to a dozen quarts of water — with a large syringe, to destroy 
the worms on the leaves. He says : “ When the worms are all hatched, 
as near[ly] as can be judged, give the trees a good wetting down, aud 
if afterward it is discovered that they were not all killed, put on more, 
but usually one wetting will answer. I know orchards that in 1872 
were covered with this worm, the foliage and fruit crop coinjiletely 
destroyed, that were treated as above last year [1873J with perfect suc- 
cess — the worms killed, and the orchards produced fine crops of apples. 
This liquid will not only destroy the Canker Worm, but the myriads of 
•insects that are to[oJ small to be seen upon the foliage qf the trees. 
One party says that after using it last year in his orchard the foliage 
made such a luxuriant growth and so dark a green that it was almost' 
black. It can be used just as safely in the fiower- garden, destroying 
the insects that infest the shrubbery, as in the orchard.’^ 

Muriate o’f lime. — “As for muriate of lime {i. e,, burnt oyster-shells 
and salt, to be strewn upon the ground), whicdi has been so earnestly 
recommended as a preventive, by intciiested parties, here is what Mr. 
Sanford How’ard says of it in the Western Rural of August 18, 1800, 
aud Mr, Josex)h Breck, editor of the old American Journal of Horticult- 
ure^ G. C. Brackett, correspondent of the Maine Farmer^ and several 
other persons with whom I am acquainted, all testify, after having 
thoroughly tried it, to its utter worthlessness for this i)urpose : 

“The editor of the Farmed' says, there are statements to the ellect 
that a substance called GoukUs muriate of lime, applied to the soil in 
autumn, had entirely prevented the subsequent apx)earance of Canker 
Worms on trees standing on the ground, although the trees had pre- 
viously been much damaged by the insect. It is also stated that on 
other trees, not ten rods distant, where none of the so-called muriate of 
lime was applied, the worms were very destructive. 

“I cannot think that this amounts to any proof that the substance 
applied destroyed the worms, or had any effect on them. The non- 

'lositeport on Insects. » 

losxhis blackness ytw probably^aused by tbe injury ^liicb tbe poison did to tbe ledvos.] 
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appearance of the insect in the case alluded to, was probably due to 
other causes. If this substance will kill or injure the insect in any of 
its stages, it would be easy to i;)rove it hy a direct application to soil 
containing insects, in a box. Several years ago, I took pains to make 
a particular experiment with this so-called muriate of iftne, the result 
of which was that the Canker Worm underwent its transformations 
naturally, and to all appearance healthfully, in a soil composed of 
nearly fifty per cent, of the articles of which it was said a small propor- 
tion only was necessary to totally destroy them. If the substance is 
the same in composition now that it was then, it is reasonable to sup- 
pose that the result of its application would be the same.^^ 

Plugging sulphur in the tree. — The often repeated recommen- 
dation to bore holes in the trunk of the tree with an auger, fill the hole 
with sulphur, and close the orifice tightly with a plug, which originated, 
some years since, in the inventive brain of some Frairie Farmer corre- 
spondent, is altogether too absurd to need consideration; for it is well 
known to entomologists that many caterpillars will thrive exceedingly 
well on leaves that have been thickly sprinkled with sulphur, so that 
the impregnation of the leaves with the sulphur, if it took place, would 
be of no avail; and, moreover, it is also known that the sulphur thus 
•introduced will remain unchanged and unabsorbed in the tree for years, 
having no .effect upon the leaves w-hatever. The same may be said of 
the use of quicksilver in the same way. The practice of driving nails 
into the tree for the same purpose is equally absurd. 

Fall plowing. — “A good deal has been said both for and against 
Ml plowing, and the following discussion, which took place at the No- 
vember (1868) meeting of the Alton (III.) Eorticultural Society, will 
afford a sample of the different opinions held by individuals : 

“Dr. Long took the ground that fall plowing was one of the best and 
surest means of eradicating those insects which stay in the ground over 
winter. He said, some five or six years ago my orchard was badly in- 
fested with the Canker Worm; by late cultivation, I almost, if not en- 
tirely, got rid of them. 

“Dr. Hull. I do not believe that fall plowing will destroy the lar- 
vje of insects to any extent. I have dug up frozen lumps containing 
larvae that were not affected by freezing. I think the Canker Worm 
will not spread here as in New England. 

“J. Huggins. I have been led to believe — contrary to Dr. Hull’s 
statement — that they will spread, and feel that there is great danger 
of their spreading. I believe fall plowing a great aid in the extermi- 
nation of them. Cites a case where they have been almost entirely 
destroyed by late plowing, in an orchard that was nearly ruined by them. 

“Dr. Hull. If it be ttrae that they will spread, w hy is it that none of 
Dr. Long’s neighbors have them f He says he w as badly overrun w ith 
them, and the fact that his neighbors were not, Pthink confijuiation of 
my statcinent that they will not spread. 

13 E 0 
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*/Dr. Long. My brother’s orchard, adjoiniiig iniuc, had doable as many 
as my own. lie fall plowed, and lias very jfew left. He also cites the 
case of an old orchard, in this section, that was almost destroyed by 
themi but fall plowing has almost, if not entirely, destroyed them.” 

The following item, from the New York \Veckly Tribune of February 
2G, 18G0, also bears on this point: 

Canker worms destroyed by plowing. — Mr. McNeil Witliorton, in answer to 
W. V. Monroe’s request: “I will state that I tliiiik that the Canker VVoriu can he do- 
Btniyed by plow'ing the ground where they are late in the fall. The 28tli of Novem- 
ber, 1867, I was at my sou David’s, in Wisconsin. He told me that the Canker Worms 
were in his orchard, and had injured his apple trees very iiuich the past season; that 
a man who owns a nursery and keeps apple tiees for sale, went into the orchard and 
examined the trees and worms, and said it was the Canker Worm that wus injuring 
his orchard. 1 told him that about fifty years ago they had been in my father’s or- 
chard some six years, and killed a large number of the trees; that we plowed it late 
in the fall, and have never seen the Canker Worm there since. I advised him to 
plow his orchard immediately. The next day he plowed it as far as the worms had 
been in it. I received a letter from him a few weeks ago, stating that the Canker 
Wonns were not in his orchard this year, and those trees that were injured and not 
killed last year revived some this year.” 

Mr. Cyrus Thomas reprints, in tbc Sixth Illinois Report, 187G, p. 
21, an extract from the WcMcrn Ruraly iu which the writer states that 
in the last of June, after the worms had left the trees and burrowed in 
the ground, he plowed or summer fallowed one of his orchards which 
had been eaten; he afterwards cross-plowed it and sowed it with rye. 
The next year he caught no moths in this orchard, the tbliuge was not 
eaten at all, and he had a good crop of apples on it, wiiile all of his 
other orchards, though tarred, were badly eaten, and he liad no crop of 
ap])les on them. 

“Now there is no doubt but late fall plowing will produce somewhat 
diUerent cilccts, according to the character of the soil, the depth of the 
plowing, and especially the species of the insect to bo dealt with, but 
that it is more generally beneficial than otherwise as a means against 
the spring species I am perfectly convinced, and as for the assertion of 
Mr. William P. Lippincott, of Vernon, Iowa, nia4le some time ago, in the 
Iowa Homestead^ namely, that it left the ground full of harbors for the 
next year’s breeding, it suffices to say that the insect does not breed in 
the ground, and, holes or no lioles, the worms will penetrate the soil 
wlicncver the time arrives to change to chrysalis. After the summer 
months the insect invariably lies in the chrysalis state snugly entombed 
in a little earthen cell very thinly lined with silk, from two to six inches 
below the surface. This cell, though frj-il, is a sufficient protection, so 
long as it is wliole, from any excess of moisture, and at the same time 
prevents too much evaporation in case of summer drought or dry winter 
freezing. Here the distinction between the two species, in the manner 
ill which the cocoon is constructed, is particularly important, from the 
practical standpoint. ^ 
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^ The SpringCanker Woiin, with its chrysalis formed in a simple earthen 
cavity, will be very materially affected by late fall plowing of the soil, 
esiiecially if the soil be of such nature as to criiinble easily; for I have 
proved by experiment that whenever this fragile cocoon is disturbed or 
broken open in cold weather, as it very re^ulily is by disturbance of the 
soil, at that season the chrysalis has not the power to penetrate the 
ground again or to form a second Ciwity, and in the great majority of 
instances cither rots, dries out, becomes moldy, or, if on the surface, is 
destroyed by birds. 

“Ev'cn summer plowing, if performed after the first of July would 
work beneficially; and it is for tliis reason, that clean, well-cultivated 
orchards are more free from the attacks of this insect, tliaii slovenly 
and neglected ones. The only advantage of late fall plowing, lies in the 
facts, tliat the chrysalis is at that time too benumbed to work itself into 
the ground and form another cell, and that birds are then harder pushed 
for food, and more watchful for any such dainty morcca\i, 

^^As to the elBciency of hogs, in rooting up and devouring the chrys- 
alids, during the summer months, abundant favorable testimony might 
be cited; but the Biets are too obvious to need argument. 

With the Fall Canker Worm, on the contrary, these measures will 
avail little, if anything; for the coccon, coni])osed of a thick layer of 
yielding silk strengthened by the interweaving of particles of earth, can- 
not be broken open by any such processes, and a dozen plo wings \>ouhl 
not expose a single clirysalis. Without doubt we have in these facts a 
valid explanation of the contradictory experience as to the value of fall 
])lowing or the use of hogs in an orchard as canker-worm checks. 

“That the breaking open of the chrysalis of the Fall species would be 
e<|iially injurious to tliat 6i>ecies seems to be shown by the result of 
^experiments which 1 made in 1875, in trying to raise the perfect insects 
from cocoons which I had cut open in order to examine the chrysalids. 
¥n)m 58 chrysalids, two of wTiich were males and the rest females, I 
obtained only 2 male and 25 female images; the remainder all perished 
by rot, induced doubtless by this prematuro opening of the cocoons.” 

Jlr. Harris says'*^ that Mr. S. P. Fowler and Mr. John Kenrick, of 
Newton, Mass., advise us to remove the soil to the distance of four or 
bve feet from the trunk of the trees, and to the dcjith of six inches, to 
curt it away, and replace it with an equal quantity of compost or rich 
earth. In this way many of the insects will be removed also; but unless 
the earth thus carried away is thrown into some pond-hole, and left 
covered with water, many of the Jnsects contained in it will undergo 
their transformations and come out alive next year. 

ENCOURAGEMENT OP UIRDS — BREEDING OF PARASITES. 

It is well known that in Philadelphia, as in many other eastern cities, 
the Canker Worm was formerly a great nuisance, not only because of the 

*** Report OD InBects of MaBBaebuBetU, pp. 33(K)40. 
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injury it did to the elms and other shade trees, but because it was con- 
tinually spinning down on persons who happened to be passing under- 
neath the infested trees. 

Practical considerations that result from the differences 
IN the two species. — The illustration of the differences between the 
two species of Canker Worms may seem unimportant and trivial to the 
horticulturist, however much they may interest the entomologist. Yet 
it is of much i)ractical importance to know how to make the distinc- 
tion. From present knowledge of the subject, it is highly probable 
that, just as the moths of the one species appear mostly in early spring, 
and of the other mostly late in the fall, so each is, in a general sense, 
confined to particular plants (though not exclusively so), the Spring 
species preferring our fruit trees, and the Fall species preferring the 
elm. Thus the time to put forth our efforts to catch and destroy the 
wingless moths will vary according to the nature of the tree to be pro- 
tected and the insect to be dealt with. 

“In the case of the Spring species, the eggs being secreted, for the 
most part, under loose bark, the scraping of the tree and otherwise 
cleansing it of dead leaves, cocoons, larva-cases, &c., a short time before 
the 'hatching of the worms, or before the buds of the tree commence to 
open, will prove an effectual preventive measure; as thereby many of 
the eggs will be destroyed. IMoreover, a tree kept clean of loose bark 
will be less subject to its attacks. The same argument will not apply 
to the Fall species, which attaches its eggs in any exposed ])osition. It 
would seem, also, that the mode of trapping the moths will have to be 
somewhat modified, according to the species to be dealt with ; for while 
Dr. LeBaron found the tin and rope trap described above so effectual 
with the Spring Canker Worm, it does not appear to afford a complete 
barrier to the Fall species, judging frbin the following iiotCwS, kindly fur- 
nished by Mr. Maun. It will be noticed that Mr. Mann used zinc instead 
of tin, from its less liability to rust. 

Nov. 8, 1873. Warm last night, with r;iin, which still continues. Found 25 9aud 
one ^pometaria. Found 4 of the $ above the Lellaron zinc band. 

. Nov. 9. Found 2 ^ , 37 2 pometaria ; 2 $ above the zinc band. 

Nov. 12. Snow last night, followed by cold sleet. Found pometaria, 1 above 
the zinc. 

Nov. 15. Only pometaria; none above the band. Last three days freezing cohL 
but not stormy. 

Nov. 18. Several days of rain and snow. 1 ^pometaria, 

Nov. 22. 6 2,2 pometaria. 

Dec. 4. Yesterday thawing; to-day also. The weather since Nov. 22 has been cold, 
with occasional snow, and the ground has betii Irozeii, and I have failed to liml any 
Aninopieryx pometaria; bnt to-day I caught 11 ^ , 102 2^22 above the zinc baiidf I haver 
no doubt that the smallness of the number of 2 found above the bands of zinc is duo 
to my promptness and diligence in detecting and destroying them before they have- 
had time to mount the tree ; because, according to the theory on which theexperiment 
was tried, the 2 ought to hei^foiind on the outside of the strips, if their ascent has been 
lirevented b}' tliem; while in fact (excluding those found on the bouse or fence, &c.), 
the majority of the2lju.ve been caught before they reached the bauds; further, be> 
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cause I tried the experiment ^rjfib 3 or 4 $ , and found that as soon as they reached the 
top of the band, they climbed crrer it, and began to ascend the tree.* Being satisfied 
by this positive evidence, which would outweigh any amount of negative evidence 
from those who have ?iot seen it, t put priuters’ ink on the outside of the zinc strips. 
(1 found that the ink was more quickly chilled or dried by being on the zinc, so last 
winter I pulled it off and inked paper bands applied closely to the trunk.) 

Deo. 5. Colder, 25 <? , 71 Qpomelaria. The greater proportion of the ^ than formerly 
is explained by considering that most of them were stuck to the ink, whereas formerly 
they could hide away by day. It is to be noticed that although some iniagos appeared 
before the frost, they only swarm after it, justifying the farmers' saying that you 
must have a frost to bring the canker-grubs out. 

“In brief, all the more important measures to be pursued in our war- 
fare against the Spring Canker Worm — such as the use of hindrances 
to tlie ascensions of the moths in 8i>ringj the removal of all loose bark, 
and keeping the trunk and limbs as smooth and clean as possible; the 
einployment of hogs, and fall plowing — are, in the main, useless as directed 
against the Fall Canker Worm, which must be fought principally by traps 
or barriers applied to the tree in the fall to prevent the climbing of the 
moths, which mostly issue at that season. Important points like these 
cannot be too often insisted on, because I find that our horticultural 
writers yet very generally speak of the Canker Worm as though there 
were only one species in the country, and give general directions which 
of course are more or less misleading. I find, too, that even where the 
differences pointed out have been recognized, they have not always 
been properly apprehended, as has been shown; so that in the report of 
a lecture before the Iowa Agricultural College it is erroneously stated 
that the eggs of the Fall Canker Worm hatch in the fall of the year, 
whereas, while the moths rise and lay their eggs at that season, these 
eggs do not hatch any earlier than do those of the Spring species.” 

The undeniable difficulties in coping with these insqpts, arising from 
a natural disinclination of men to fix their attention and perseverance so 
long upon one object, although the means are so simi)le, have discouraged 
many orchardists; and the editor of the England Farmer^ in answer 
to a correspondent, advises the felling and burning of all infested 
trees from one end of the State to the other, by virtue of a special law 
to be passed for that purpose, “ even if it takes all summer and every 
militia man in the State to execute the order.” 

Mr. B. D. Walsh, in commenting on this advice™ says: — “Instead 
of advising the Michigan legislature • ^o pass a law for cutting down 
and destroying all trees infested by the Canker Worm, why not advise 
them to pass a law compelling the owners of infested trees to tar 
them as above specified? Or,, better still, because more certain to be 
otfectual, to pass a law organizing a paid cori)s of men in the infested 
districts to do the work? There would then he no occasion to call out the 
militia, A man might shoulder his rifle, if he saw the sheriff and his 
posse coming, ax in hand, to cut down his orchard; but he would only 
laugh when he saw them charging, double-quick, upon his apple-trees, 
with presented tar-brushes.” 


Pract. Eutom., v. 2, p. lG-17. 



CHAPTER V?II. 

THE HESSIAN FLY— ITS RAVAGES, HABITS, AND THE 
MEANS OF PREVENTING ITS INCREASE.^* 


INTRODUCTION, 

Next to tbo Rocky Mountain Locust, the Cotton Worm, and Chinch 
Bn^, the Hessinii Fly is at present the most destructive of our noxious 
insects. It attacks wheat, our most important agricultural product, and 
at times has been so abundant as to cause farmers to abandon the cult' 
lire of this grain over large sections ot the Union. While the fly liaa 
been well known and destructive for about a century, the vast extension 
within a decade of years of the wheat-growing are.a of the West, and the 
corresponding i)revalcnce of the fly in the Northern Central States, to- 
gether with its wide-spread destructiveness, have given fresh interest 
and importance to this pest. Moreover, the cultivation of wheat in the 
New’ England States, where about twenty years ago it was abandotiod 
on account of the ravages of this fly and the Wheat Midge, has been re- 
Burned in part, so that the dissemination over the wheat area of the 
United States of the known facts in regard to its habits and mode of 
doing injury seeiiis necessary. This area, as seen in part by the inap'®^ 
appended to this chaiitcr, which has been compiled from Walker’s StU' 

• tistical Atlas, embraces all of the United States north of the 35th par- 
allel •f latitude and east of the 93d meridian, with the addition of tracts 
in Dakota, Montana, Colorado, New Mexico, and Utah, as well as in 
Califorhia, Oregon, and Washington Territory. These last-named wheat 
areas were not maijped by General Walker, and have been omitted on 
the present map, since the Hessian Fly is not known to exist west of 
eastern Kansas. 

Though the habits of the Hessian Fly are tolerably well known, much 
additional knowledge is desirable regarding its distribution, its breeding 
habits, and its parasites, while, in order to properly apply the best pre- 
ventive remedies, to stamp out the pest as it appears in new wheat sec- 
tioiis, we need the results of a larger number of experiments as to tlio 
efiects of early and late sowflng, what yarieties of wdieat to sow, and as 
to the value of manures and artiflcial fertilizers in promoting the rapid 
and healthy growth of the young wheat, by wjjich it may outgrow Uio 
weakening effects of the worm and ripen its gr^in. 

^Keprinted, with some alierations and additiona, from Bulletin Ko.4 of the U. 8. Entomological 
CommUelou. ^ 

This map is hased on the one which appeared in Bullctizi 2^o. with corrections and additional. 

lOS - 
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* LOSSES OCCASIONED BY THE HESSIAN FLY. 

Although this chapter has been prepared by but one member of the 
Commission, the \\riter is indebted to Prof. C. V. Riley for drawings, 
specimens, and data; to ProfessorThomas forfacts and suggestions; and 
he would also acknowledge aid received from Prof. A. J. Cook, of the 
State Agricultural College, Lansing, Mich., whose address on the Hes- 
sian Fly has been of much service and liberally quoted, and also from 
the correspondents and agricultural i)apers mentioned here aud therein 
the following pages. 

LOSSES OCCASIONED BY THE HESSIAN FLY. 

This fly first became a serious pest in the country in the year 1779, 
although, as will be seen furtlier on in the section on the distribution 
of the insect, it probably began its work of destruction on Staten Island 
and Long Island in 1770. Acc^ording to Fitch, 1771) was probably the 
date when its ravages actually began. “The crops of wheat were severely 
injured or wholly destroyed by it in. King and Richmond Counties dur- 
ing several of the following years, ami each succeeding generation regu- 
larly enlarged the sphere of its devastations in every direction.” 

In 1781 the fly almost totally destroyed the wheat crop in eastern 
Long Island, and in 1786 the crops were either totally or partially de- 
stroyed in New Jersey in and about I^rospect, an area situated forty 
miles southwest of Staten Island. In 1780 and 1787 the ravages of this 
pest attracted much attention in Kew York and Pennsylvania; the 
wheat crop on eastern Long Island having been “cut off almost uni- 
versally.” About Trenton, N. J., in 1788, the wheat crop was in many 
cases a total failure. As wheat in large quantities was at this period 
exported to Great Britain, “accounts of the appalling havoc that this 
insect was making excited the attention of the government there and 
aroused their fears lest so dreadful a scourge should be introduced into 
that country by means of the American grain.” (Fitch.) As a result, 
the exportation of grain from America was prohibited until the English 
Government was assured that the fly with eggs could not be introduced 
in the grain. As long since as 1800, Dr. S. L. Mitchell, of New York, 
alfirmed that “ the insect is more formidable to us than would be an 
army of twenty thousand llessians.” (Herrick.) 

Between 1789 and 1803 severe losses ensued from its attacks in Bara- 
toga and Washington Counties, New York ; “ on two or three occasions 
many of the fields in Saratoga were entirely destroyed.” 

In 1804 President Dwight, of Yale College, remarked that “this in- 
sect is feeble and helxdess in th^ extreme, defenseless against the least 
enemy, and crushed by the most delicate touch ; yet for many years it 
has taxed this country annually more, perhaps, than a million of dol- 
lars.” (Herrick.) * 

In 1803 and 1804, in the neighborhood of Richmond, Va., “ they swept 
whole fields.” In 1817 it “ renewed its ravag& in various sections of 
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the country; was unusually abundant,” and *‘in parts of Maryland and 
Virginia it was perliax)s more destructive than it had ever been before.” 

At what year the Hessian Fly first occurred in the Kew England 
States is uncertain; so far as we can ascertain it was first noticed at 
New Haven, Conn., in 1833, by Mr. Herrick, a careful entomologist, but 
without doubt it was introduced from New York early in the century. 

InuLower Canada it was, according to Hind,’®'* between 1805 and 1816, 
“prevalent and destructive in some parts,” but in 183Q-’3C it disap- 
peared in Lower Canada. 

The fly first appeared in 1837 at Paw Paw, Mich., in the second crop 
sown in Van Buren County; none had been raised at a point nearer 
than twelve miles. (D. Woodman.) 

The Hessian Fly has been known in Person County, North Carolina, 
for fifty years; and another correspondent writes us from Goldsborough, 
N. C., that — 

Previous to the period, say ISIO, our farmers had boon aceiistoined to sow wheat as 
early as September, but a lly, called by them the “ Hessian Fly,” so depredated that 
they deferred sowing to the latter part of November, and now, generally, to between 
the Christmases” (new and old Chri.stmas); their crop is now unmolested by the Hes- 
sian or any other fly. 

The losses in Pennsylvania in 1812 were heavy, the wheat crop of the 
State being estimated at 20 per cent, less than in the iirecediiig year, 
the fly being the principal cause of the loss. At this year Oliio was 
visited by it, when “it appeared to be increasing so much that serious 
apprehensions were beginning to be felt respecting its future ravages.” 
(Fitch.) 

Great havoc in many fields in Maryland and Virginia was committed 
by it in 1813. In the following year it did much injury in northern 
Indiana and Illinois and the contigyLious x)arts of Micdiigan and Wiscon- 
sin, in many i^laces occasioning “almost a total failure of the crops.” 
In ^Michigan the wheat crop was almost an entire failure. On Long Isl- 
and, at Eochester, N. and tliroughout Pennsylvania the losses this 
year were severe; the following year it did more or less injury all over 
the State of Illinois, while in the central parts of Maryland the crops, in 
'many instances, wjjre rendered totally worthless. “In Georgia, more- 
over, its ravages in the counties around Milledgevillc are said to have 
been dreadful; whole fields were totally destroyed, and others yielded 
not more than a fourth of an ordinary crop.” 

In 1846, in the upper counties of Georgia, it was said “the fly has 
committed such ravages upon the wheat as scarcely" to leave enough 
seed for another year.” Throughout the State of New York it was de- 
structive this year; in the western section the loss from this insect was 
estimated at not less than 500,000 bushels. In Maryland this same ye«ar 
(1846), as recorded by Fitch, “so great ravages have not been commit- 
ted by the Hessian Flj since 1817. On some of the best land wheat has 

Essay on Insects and Diseases injurious to tlie Wheat Crops, by H. Y. Hind, Toronto, Canada, 
1857, 80, p. 139. 
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been plowed up, and’ other portions are so much injured th.at they will 
not be worth harvesting. At least one-half of the crop of Talbot County 
has been destroyed.’’ And in the upi^er counties of Georgia it is said 

the fly has committed such ravages uiioii the wheat as scarcely to leave 
enough seed for another year.” 

In 1847 the losses were generally widespread but li{jht, while in 1849 
it was destructive in some of the counties in Kew York, and especially 
in Ohio. From this date until 1853 it was not destructive, but this year 
it “committed great ravages in some parts of rennsylvania.” In 1854 
it was destructive in Aroostook County, Maine, as well as in Michigan. 

From 1855 to 1890 the Hessian Fly atlracted little attention from the 
agricultural community. In ISGO the fly “had reached as far west as 
Iowa and Minnesota, and in 1863 the wheat-fields along the Detroit and 
^Milwaukee liailroad promised nothing because of the ravages of this 
]>cst.” (Professor Cook.)^®® In 1866 it is reported to have occuiTcd in 
^Maryland, Delaware, and Ohio, and in 1868, according to a writer in the 
American Entomologist^ about Fond du Lac, Wis., “much of the wheat 
crop was damaged by it.” 

In 1871 it was genmnlly prevalent throughout the Middle States from 
JSoutli and Nortli Carolina and Virginia to Missouri northward; also oc- 
<‘nrring in Kansas, Georgia, and Minnesota, and in 1872 and 1873 was 
destructive and widespread in Maryland, Ohio, Indiana, Illinois, and 
eastern as well, as western Virginia, as well as in IMichigan, “as also in 
the {States south and ^vest” of the last-named commonwealth. 

In 1874 it was widespread, but much less destructive; in 1875 and 
1876 it was esp(H*ially destructive in Missouri, Pennsylvania, and Vir- 
ginia. In 1876 “it appeared in force in many of the southern counti<;s 
of JMichigan, reaching as far north as Mason, in Ingham County, caus- 
ing much destruction.” (Professor Cook.) 

In 1877 tlie losses again became heavy over a large part of the wheat 
area. At Lawrence, Kans., the early-sowji wheat “suftered a good deal 
from the ravages of the Hessian Fly.” At Gardner, Ivans., all early- 
sown wlieat “was full” of the “flaxseed” of the Hessian Fly. At Saint 
<lenevieve, ^Mo., the fly was “much worse than for years past.” At In- 
<iependcnce, Mo., the crop in some fields was nearly n failure. In lien- 
derson County, Kejitucky, while prevalent, only one wheat-field was 
“badly damaged”; while in Vanderburgh County, Indiana, “many fields 
were infected.” In central Illinois a correspondent of the Cultivator 
and Country Gentleman states that “the Hessian Fly has been present 
in the lower portion of the winter-wheat region for several years,” and 
ill 1877 “it appears that the HesMan Fly is generally present in greater 
or less numbers over the whole winter- wheat region ; that in almost every 
case it has attacked and don® more or less damage to early-sown wheat- 
fields.” 

•win his seventh report, vrrittoii apparently in 1802, Dr. Fitcli romarfts : “ 'Wo hear of it at tho present 
time ns very destructive in Illinois and some of the couti;;uuii8 States, the crop in many wheat-fields 
beiu;; totally ruined by it." 
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In Michigan the fly, while troublesome in 1876, was also very generally 
so in the succeeding year, as stated by Professor Cook, as follows : 

This year, 1877, we hear of it as more broadly distributed in our State, while com- 
plaints come to our cars from Ohio, Indiana, Illinois, New York, and Pennsylvania, 
Since writing the above, 1 have passed through our State and also the State of Ohio^ 
on two of the ditl'erent trunk lines of railroads, and 1 find that all through southern 
Michigan and all of Ohio, at least north of the latitude of Columbus and Dayton, thia 

insect abounds in force. 

« 

The follo^Ying extracts from Michigan papers show the situation in 
that State this year : 

Farmers are complaining of the ravages of the ''fly” in their wheajr fields. Much 
damage is reported . — Joneaville Independent. 

Mr. James Taylor showed some wheat-stalks from his farm to-day which had over 
forty insects in one stalk . — Kalamazoo Gazette, 

Wheat heading out ten <lays to two weeks earlier than nsnal this year, and doubt- 
less much of it will ho ready to cut in June . — Portland Observer, 

The "lly” or " insect, ’’ as called by the farmers, is playing sad havoc with the- 
wheat crop in this comity. Not over half a crop will be realized . — Kalamazoo Gazette. 

The lly is very seriously injin iug the wheat in Porter. One of the largest farim*T» 
in that township yesterday tohl us that a few weeks ago he would not have taken 3,000 
bushels for his crop, but now he would gladly take 1,000. — Pa.n Pam Courier. 

Much complaint is now heard from all aides in regard to the work of the insects in 
early-sown wheat. The dry weather has so far retarded the growth as to give the 
peats the power to destroy. There is little question that early-aown wdicat is suf- 
fering greatly.— il/ar«AttW Expounder. 

Farmers from all over the county come to town looking doleful enough. The wln^at 
crop promises to be almost a total failure. Two weeks ago everybody wasbappy over 
the prospects of an abundant harvest, but now flics, worms, and drought scorn t(v 
have ruined the crop and hli^^hted every homo . — Marshall Siateeman, 

Farmers from all the adjoining towns complain that their growing wheat crops am 
badly injured by the insects. Wheat-fields which promised a heavy yield two weeks 
ago, it is thought, will not produce over a half a crop, and many fields aro reported as 
already nearly destroyed. Naturally some allowance should bo made for the appre- 
hensions of those whose fields are thus ravaged; but there is no doubt that the crop 
through this section is materially damaged by these destructive pests . — Battle Creak 
Journal. 

Mr. T. F. Miller, of Richland, brought into our office Monday morning a handful of 
wheat (taken from a farm on the prairie) that is literally alive with tho insect. He 
says that in his opinion nearly every field in Richland is so badly affected that thero 
cannot be half or even a third of a crop. The dry w'eathor has stopped tho growth, 
and the wheat is more affected on that account. Wo hear the same report from other 
parts of thoicounty. Grain is also suffering for want of rain . — Kalamazoo Gazette. 

The following extract from the Albany Cultivator and Country Gentle- 
man will give the condition of affairs in West Virginia: 

Since reading your aiticle making known Mr. A. S. Packard’s request, in the issiio 
of November 15, 1 have had occasion to make a business trip through Hanly, Hamp- 
shire, Mineral, and Grant Counties, and find npon examination that there is not a 
jingle field which is not more or less danjaged by tho fly. The early-sowiyvheat, hav- 
ing luxuriant growth, docs not seem to be entirely destroyecl, but has tho appearance 
of mixed yellow and green. I find, npon close examination, it is filled with the fly. 

“*The Hesslnn Fly. A lectafe by Prof A. J. Cook, of the Michigan State Agricnltnral College, de- 
Hverod at Fanuer’e Inetitnte held at Paw Paw and Climax, Mich. 1878, 8vo., p. 14. 
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other fields, sown after com-cntting, show a greater amonnt of damage ; one in par- 
tlcnlar, a limestone upland, was acarocly tinted with green, the fly having already 
coDBiimed nearly the whole of it. My course from Ibis point was north and west. 1 
find that the farther north I travel the more damaged is the wheat. In this (Hardy) 
comity the damage, so far, appears not to be material. Some crops of early-sown 
wheat were considerably shortened last year, the first year in many that wo have felt 
the elTects of the fly. One farmer, whose wheat soemt‘d already a failure, asked me 
what he should do. I adviseil when the land was dry, or hard frozen, to put all the 
shet'p ho could get upon it, and keep them thoro until they hml eaten it off as close as 
a sheep could nip, as ^he only remedy. I thought that the sheep could do no worse 
than what must be evontmilly done by the fly, and it might save the crop. Ho asked 
mo if 1 thought the insect would bo ** wholesome fur the sheep. ” This 1 could not 
answer, and rsfer the query to you. — R. ,M. W., Moorfield, W. Va. 

A corrcspoiuliiiit of the same paper thus records the injury done by” 
this insect about Syracuse, N. Y.: 

Wheat sown early, from the Ist to the 20tliof Septoinher, has made an extraordinary 
growth. The fine weather was favorable; bmdes more care has been paid to good 
culture than before. The seed also has been sidecti'd, cleaneil, and graded with greater 
care, showing iiiiicli progress. From apperaiices now, it will result in a loss. Whole 
fields, and parts of others, are turning yellow, showing the ravages of the fly to a> 
larger extent than I ever before witn(3SS(Mi. It began to turn yellow on knolls, or wduM-o 
tlie plaster rock came near the surface, and was thought only the olTcct of dry woatln*r, 
but now it has extended all over early-sown fields. Should the warm weather con- 
tinue, great injury w'ill result to the entire crop, as it has be<*n sown much earlier than 
usual and has looked remarkably fair. Latersowiiig, with a gr ater breadth of spring 
wheat, is the only remedy now oflered. Will other parties iu diflerout sections iiiako 
am examination and send not<es7 — C., Syracuse, N. Y. * 

While, so far as we have been able to learn, no serious damage, if aiiy^ 
has been done to wheat in New England b^ this pest since 1854, in 
western Canada it again became abundant in 1874, but most injurious 
hi 1870 and 1877. In 1876 it appetired iu great force in the townships of 
Anabel, North Bruce, Grey, and Kippel. 

In 1878, the losses were still heavy in soiithcm and central Mich- 
igan, but in 1879 the insect seemed to be moving north ward, the great- 
est amount of injury being sustained in the northern part of the State^ 
the fly being scarce in the middle of the State. 

As regards its abundance in southeastern Michigan in 1878 and 1879^ 
Mr. F. S. Sleeper, of Galesburg, near Kalamazoo, writes me as follows: 

In February, 1678, 1 noticed what was to me something now. Tho month was very 
warm aud spring-like. For nearly three weeks the temperature <lid not reach tho 
freezing point. About the middle of the month I noticed many flies flying over tho 
wheat and depositing their eggs, hut, so far as 1 could see, none reached the *Mlux- 
■eed” state. 1 have several times noticed the fly depositing her eggs as late iu tho 
autumn as October 26. . 

Since the summer of 1877 no very serfeus damage was done nntil last spring (1870). 
Then the fly pnt in an appearance. On tho 26th of May, above one field of wheat tho 
air was alu^st black witji thein. I never saw such a sight before. I had fears that 
the fall-sown wheat would he badl^ damaged, but it is not so, as none but early-sown 
wheat is damaged in tho least. 1 presume it is owing to tho fact that September waa 
cold, BO that probably the sudden atmospheric changes destroyed all that had not 
reached the pupa state. 
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In 1878 it (lid great damage in Dickson County, Tennessee. In Mary- 
land, the winter wlieat in the neighborhood of Baltimore, Md., was, in 
1879 and the spring of 1880, seriously affected. In central New York, 
in Seneca and Tompkins Counties, considerable damage was done in 
1878 and 1870. About Watertown, N. Y., some injury was done in 1879, 
one field of wheat being ruined. 

In 1879 a))pi*eheusioiis that injury would be caused by the fly were 
felt in Lowell, N. C. 

More or less damage was done to winter wheat in the fall of 1879 in 
The following localities : Northampton County, Pennsylvania; Baltimore 
and Frederick, Maryland ; l*rince William, Green, Culpeper, Orange, 
King William, Craig, llockingham, and Amelia, Virginia; Henry and 
Davidson, Tennessee; Morgan, Pleasants, Putnam, Wetzel, and Mason,* 
West Virginia; Bourbon, Carroll, Faye ite, Lyon, McCracken, McLean, 
Nicholas, Kussel, Scott, Shelby, Fleming, Jessamine, Jeflerson, and Ma- 
son, Kentucky; Adams, Meigs, Portage, Union, Vinton, Mercer, and 
Scioto, Ohio; Gratiot, Michigan; Decatur and Switzerland, Indiana; 
Coles, Johnson, Livingston, Lawrence, Moultrie, Perry, and Union, Ill- 
inois ; Davis and Lee, Iowa ; Crawford, Washington, Perry, Sullivan, 
Gasconade, Lincoln, and Saint Charles, Missouri; and Doniphan County, 
Kansas. 

Ill 1880 all of the South Atlantic States sull'ered to a greater or less 
extent, and the following localities are definitely mentioned in the crop 
re])orts of that j’ear: Brooks and Jackson Counties, Georgia ; Collin, 
Texas; Ballinger, Missouri ; Nicholas, Kentucky; Pike, Ohio; Ihnry 
and Saint Clair, Michigan ; Marshall, Indiana; Dodge and Door, Wis- 
consin. 

According to Professor Eiley, in 1881 it was prevalent in Illinois and 
Missouri: 

In many parts of central and soutberii Illinois and in Missouri tbis insect bas been 
reported as doing considerable damage, iiiuny farmers baving to plow up their win- 
ter wheat in consequence. Mr, Thomas H. B. Moulder, of Cane Pump, Caiudoii 
County, Missouri, sent the insect in the llax-seed state, the latter j)art of Jiim*, with 
tlie statement that he had forty acres of wheat which all fell or broke down about 
two weeks before ripening, from the inseePs injuries. The western agricultural 
papers have had abundant notices of the Hessiaii Hy this season, but as our eastern 
entomologists, as a rule, do not see those journ.ils, it is more tliaii probable that this 
year would bo put down by them as one in which the species wjis not heard of or 
known. The present year is, however, not exceptional, and more or less injury has 
been done by this inscet in the West every y<;ar since we have given any attention 
to entomology. — C. V. Riltjy, in American Natiiraliatj September, 1881, p. 750. 

The counties reporting injury by ^the Hessian fly in 1881 are as fol- 
lows: GHoga, New York; Hunterdon, New Jersey; Bucks, Cumberland, 
Lebanon, Columbia, Northumberland, Pennsylvania; Anderson, aiul 
Sumner, Tennessee; Harrison and Park* Indiana; Edwards, Wabash, 
Lawrence, Fulton, Madison, Christian, Effingham, Clark, Edgar, Cum- 
berland, Gallatin, Jsfsper and Shelby, Illinois ; Knox, Morrow, Allen 
and Auglaize, Ohio ; Lawrence, Madison, and Perry, Missouri. 



RAVAGES OF THE HESSIAN FLY. 


205 


The following complete account of the appearances in 1882 is from 
Special Keport No. 42 of the United States Agricultural Department 
(published April, 1882) : . * 

In a large portion of the wheat area there has been absolute freedom, 
from the presence of this pest of former times. It has been reported 
far more frequently in the eastern j^ortiou of the Ohio Valley than in 
the western and beyond the Mississippi. A few districts on the Atlan- 
tic coast have siiflered from its visitations ; the area sown in August 
and very early in September receiving its exclusive attention. A care- 
ful analysis of the extent of local injuries is given in the following par- 
agraphs : , 

No injury is reported in New England, except a little in Litchfield 
County, Connecticut, confined to sandy ground. In Wyoming County^ 
New York, fields commenced to turn yellow in spots early in tlie fall, 
and the loss from the insect is estimated at 10 per cent. Very slight 
damage is reported in Genesee, Ontario, Niagara, Columbia, Yates, 
Alonroe, and Herkimer. Scarcely appreciable loss is indicated in a few 
districts in New Jersey, mainly in Salem, Warren, Mercer, and Camden. 

Pennsylvania has been comparatively exempt from insect injury. In 
Iliintingdon, a loss of 20 per cent, is reported; in Lancaster, one-sixth, 
from too early seeding. On some farms in Franklin large losses occurred. 
Very slight injury is reported in Lawrence. Westmoreland, Susque- 
hanna, Clinton, Franklin, Bradford, and Dauphin are among the coun- 
ties where the presence of the fly has been observed, though the dam- 
age is small. 

Maryland wheat has suffered very slight loss by the fly, in most cases 
scarcely worth mentioning. It is avoided by late seeding. 

In Wisconsin the loss is estimated at 10 per cent. Considerable in- 
jury was caused in Dorchester by a worm one-fourth inch long working 
under ground. 

In Virginia, the only counties mentioning the apx)earance of the pest 
.are Caroline, Westmoreland, Greenville, King and Queen, and Fairfax; 
in no instance amounting to an appreciable infliction. A large number 
of North Carolina counties are declared exempt, Chatham, Montgomery, 
.and Yancey being the only exceptions. In Fairfield County, South 
Carolina, a few fields were damaged 25 per cent. Elsewhere the insect 
wms scarcely kiiowui. 

Greater losses occurred farther south in the early planted areas, 
especially in Georgia. The loss in Worth County is assumed to be 30 
per cent. ; in Quitman, 25 ; in Talbot and IMeriwether, 10 ; in Putnam, 5. 
The appearance of the fly is also noted in Walker, Wilkes, EUndolpli, 
Marion, Dawson, Crawford, Campbell, Bibb, Heard, Polk, McDullie, 
Clark, and Catoosa. AlalnimSi has been comparatively exempt; though 
in parts of Eandolph County the injury w^as severe. In Saint Clair the 
loss amounted to 10 per cent. ; and slight dam.age- occurred in Lee, Mar- 
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ion, Franklin, and Etowah. In the southwest little complaint has been 
made of insect depredations of anj' kind. Tlie fly is mentioned iii Clay, 
Delta, and Bockwdil. The army worm injured^early wheat in sevei*al 
counties. A mention of the fly in. early wheat fields is made in cor- 
respondence from Carroll, Iloward, Newton, Scott, and Sevier, in Ar- 
kansas. 

Tennessee reports slight injury from Anderson, Hancock, Knox, Stew- 
art, and Union. Doddridge, Jackson, Jefferson, Nicholas, Pleasants, 
Kitchie, and Upshur are the only counties in West Virginia in which 
the insect has made an appearance to any noticeable extent ; while no 
injury of a character at all serious is reported in IveutiKiky. The fly is 
mentioned in Graves, nancock, Hardin, Harlan, Marion, Marshall, Muh- 
lenburgh, Todd, and Trigg. 

In Ohio our IlauGock correspondent reports 50 per cent, of the early 
wheat eaten by the fly. llie damage in liOgan was greater than for 
many years, estimated at 15 per cent for the crop. Some fields “two- 
thirds destroyed " is the report from Allen. From 1st to 15tli of Septem- 
ber whole fields of early sown were destroyed in Henry, with loss of 10 
per cent. Most of that sown before September loth in Clarke is injured } 
50 per cent, of early sown eaU^n in Hancock ; “badly damaged” in some 
localities in Knox; in Carroll and Seneca 8 to 10 per cent of early sow- 
ing, later seeding untouched; badly damaged by the fly in Champaign 5 
injured 15 per cent in Marion; in Auglaize at least 38 jier cent; higli, 
rolling, and thin land, nearly all destroyed; in Union all sown beforB 
September 23 badly damaged; all sown before S(^pt(?mber 20 injured ill 
Erie; at least 25 per cent of injury in Wyandot, ami 40 per cent in Van 
Wert Some loss is reported in several other counties. 

Very few indications of the fly were aiiparent in Micdiigan. (3akhind 
County reported a loss of 10 per cent and Ottawa of 5 i»er cent. 

Half of the counties of Indiana mention the presence of tlie insect; in 
most the damage is not material; in a few it amounts to 5 or ten per 
<;pnt In Wayne it is estimated at 50 per cent; in Lagrange, 40; in 
Adams and Pulaski, 20; in Jay there are some fields badly injured; in 
Carroll and Bartholomew the early sown suffered considerably. 

Illinois is represented to be substantially exempt from injuries by tlie 
fly. “None ” and “very little” are almost universal answers to the in- 
quiry. Coles County estimates a damage of 5 per cent, and a few others 
still less. Missouri ami Kansas have been equally free from its vis- 
itation. 

In this year also it was reported by^Mr. William Saunders to have 
been generally destructive in the Province of Ontario, Canada. 

A meeting of the Ontario Entomological Society was held recently in Montreal 
during the session of the A. A. A. S. After the tra^isactioii of the routine hnsiiicsf^ 
the president, Mr. William SaiindeTs, of London, Ontario, delivered his aiiuiial 
address, in which he refer^d to 4he general prevalence of the llcshian Fly in tiu) 
Province of Ontario daring the past season, inflicting a loss on the agricultural com- 
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munity estimated at several hundred thousand dollars^ and called attention also to 
the relative abundance of parasites among the insects now maturing . — American NaU 
nralUtf December, 1882. 

These facts indicate that the losses from the Hessian Fly are greatest 
in the grain-raising areas of the Central States, and adjoining regions 
of Canada, and that the New England States have been coinparativ^ely 
free from their attacks, though this is perhaps mainly due to the fact 
that so little wheat is cultivated there. No statistics as to the losses 
have been collected until of late, either by the State or national govern- 
ments, but they have been sufficient to occasion much consternation and 
alarm at certain years. By reference to the chapter on the supposed 
periodicity in its attacks or years of maximum abundance, the reader 
may learn approximately by the historj^ of the past how often its more 
serious attacks may be probably renewed. 

DESCRIPTION OF THE HESSIAN FLY. 

This insect belongs to the Diptera or two-winged insects, of which 
the common house-lly is the best-known type. It belongs to the family 
Vecidomyidee^ a large group of minute flies, resembling the crane flies or 
daddy-long-legs {Tipulidw), but of diminutive form. They are nearly all 
gall-flies, the females laying their eggs by means of the soft extensible 
end of the body which Slides back and forth like the joints of a tele- 
scope. The iiTitation caused by the egg results in the swelling of the 
steins of plants, or the formation of tumors or galls on tlie leaves and 
buds. The Hessian Fly, as we shall see farther on, does not jiroduce 
true galls in this way, but the presence of the insect in the flaxseed 
state, between the leaf and the stalk, causes the stean to swell, and the 
leaves to wither and die. The scientifle name is Cecidomyia destructor 
of Say. 

The female (Plate IV, /; V, A ). — ^The body is rather slender, uniformly 
dark brown, the head is round, but somewhat flattened, the eyes are black, 
the wings uniformly dull smoky brown, while the legs are paler brown than 
the rest of the upper side of the body. The body, wings, and legs are 
provided with fine hair-like scales (Plate V, A, c), those on the wings being 
in many cases quite broad and ribbed, somewhat like the scales on the 
wings of a butterfly or moth. The i>alo brown antennm are about half 
as long as the body, the joints are very distinct, like a string of beads, 
each one being oval-cylindrical. There are seventeen joints, the two 
basal ones being large, nearly globular, flattened lengthwise, and nearly 
lialf as long as thick, and each of nparly equal size; joints 3-5 are longer 
than the remaining ones, and are slightly contracted in the middle; 
the remaining 6-17 gradually decrease in length, eacli joint being pro- 
vided with about ten hairs, arranged in a rude whorl ; the terminal joint 
(Plate V, Aj a') is long and conical. The legs are of the same color as 
the under side of the body, being a little paler than the back. The ab- 
domen is rather full, with nine well-marked rings or segments, the 
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paler small ovipositor forming the tenth. The latter is one-half as thick 
as the ninth segment, and about two-thirds or quite as long; is slightly 
sinuous, and a little smaller at the end than at tliebase. The wings are 
dusky, with a line fringe around the edge, and there are three veins. 
The subcostal vein ends near the outer third of the wing; the median 
vein arises from near the base of the submedian vein and runs nearly 
parallel to the subcostal vein, while a branch (its base disconnected with 
the main vein) extends along the middle of the wing; the submedian vein 
is well developed, at the base throwing off the median vein at a little 
distance from the base of the wing, and losing itself before turning down 
to the edge of the wing. The length of the lly is 2.5 millimeters, or about 
one line, L e., of an inch. 

The male. — The male is rather smaller than the female, being distin- 
guished by the long, slender abdomen, and the longer and more hairy 
antennai. The joints of the latter (Plate V, Fig. a'\ are twenty in 
number, oval, the terminal one conical, and all provided with a few hairs^ 
much longer than in the female, and arranged in a decidedly verticillate 
manner. “The abdomen in the living specimen is black or brownish 
black, with bands at the sutures both above and beneath, of a brick re<l, 
taw ny yellow’, or grayish color, varying in their width as this part of the 
body is more or less distended.’^ (Fitch.) The claspers at the end (»f 
the body are stout, much more so than in Cccidomyia leyiminicolaoi' iho 
clover. 

The egg (Plate IV, a, enlarged) is very minute, about a fiftieth of an 
inch long, cylindrical, pointed at each end, the shell shining and trans- 
parent, the egg being of a pale red color when the embryo is nearly de- 
veloped. 

The larva. — After remaining about four days in the egg state, the larva 
or maggot of the Hessian Fly hatches, and is of the form represented 
by Plate IV, Fig. b, and Plate V, Fig. B, Ba, Bb^ Be. 

The body is soft, smooth, shining, oval-cylindrical, beneath a little 
ffattened, and consists of twelve segments besides the head, the hitler 
soft, fleshy, and but slightly separated from the body, Avith very rudi- 
mentary mouth-parts (jaws, &c.). The rings or segments are moderati^ly 
convex and tolerably distinct from one another; the sutures between 
the segments in the living larva being indicated by faint transverse 
lines of a greenish-browm hue, according to Fitch, who also states that 
the mature Avorm, freshly taken from the roots of the Avheat, measures 
about 0.15 of an inch in length by O.OG inch in aa idth. ]\Ir. liiley infbi ins 
us that there are nine pairs of minute spiracles, Avhich appear as yellow - 
ish, rounded tubercles. 

The pupariim or flaxseed state (Plate IV, Fig. c, Plate V, Fig. 7>). — 
When fully groAvn the larA^ais ready to tiilnsform into the third or jiupa 
stage of its transformations. The bodj’ turns brown, and linally of a 
bright chestnut color, while the skin looses all apiiearawce of sutures, and 
assumes a rude, spindle-shaped form, somewhat larger than the larva. 



Tkia bm case protects the growing pupa within the skin of the latter, 
finally separating from the cast larval skin, callM the pupa*case or 
pupariuin^ and which seryes as a sort of cocoon to protect the pale, soft- 
bodied pupa within. While many two- winged gall-flies are protected by 
the galls within which they live, others, like the larval wheat and clover- 
si^ midge and the pitch-pine midge, spin true cocoons of silk;- and the 
Hessian Fly is the onlj- species of the genus or family, so far as we know,* 
w'hich assumes this pupaiiiim state, which is characteristic of the house 
fly and other species of Muscidie and allied families, in which the pupa 
is said to be coarctate, L e., protected by the cast dried brown skin of 
the‘ maggot or larva. 

From the decided rcscmblanco to a flaxseed the insect, when at this 
stage of its transformations, is said to be in the flaxseed’^ state. It is, 
however, rather flatter than a flaxseed, being i)iuched, as it were, at the 
head-end of the body. I liave taken the semi-pupa or incompletely- 
formed pupa from tie flaxseed December 1. In this flaxseed state the 
X)artly-foriucd x^upa resides during the flve winter months of the year. 

In early sxuing, during warm weather in April, the semi-i)ui)a rapidly 
transforms into the cornpleto i>iix)al or chrysalis state. v 

The pupa (Plato V, C ), — As we have not personally observed the mode 
in which the fly issues from the x^wpa and its case, we extract the follow- 
ing account from Fitch. By the time the insect reaches the pupa state 
the flaxseed case has become quite brittle, breaking asunder trans- 
versely if rudely handled, one of its ends slix^i)ing ofl;‘ from the insect 
within, like a thimble from the end of the linger. 

The time for its last traiiHlbrmatiou having arrived, the pupa, by writhing and bend- 
ing its body, breaks open its ])npariiiiii or ilaxsoed case, crawls from it, and works its 
way upward within the slieath of the leaf until it comes to some cleft in the now 
dead, brittle, and elastic straw. Through this cleft it crowds its body uutil all except 
the tip of the abdomen is xirotruded into the air, the elasticity of the straw causing 
it to close together ux)oii the tip of the alxlomeu siiOiciently to hold the pupa in this 
situation secure from falling to the ground; and, as if to preserve the body in a hor- 
izontal position, the feet are slightly s(‘parated from the abdomen and directed obliquely 
downwards, with their tij)s pressed against tlie side of the straw, thus curiously serv- 
ing, like the brace to a beam or to the arm of a signpost, to support the body from 
inclining downwards. Thus securely. fixed and now freely exi)08ed to the drying iu- 
ilueuce of the atmosphere, the outer membrane of the xmpa exhales its moisture, aud, 
as it becomes dried, cracks apart upon tlio back or upxier side of the thorax. Out of 
this o|)euiiig the inclosed tly xuotrudes its head and thorax, mure and more, as it grad- 
ually withdraws its several members — the antennae, wings aud legs — from the sheaths 
in which they arerespectively enveloped— a process analogous to that of withdrawing 
the hand and its several lingers from a tight glove — uutil at length, entirely freed 
from its iiupa-skin, the fly, now perfect in all its i>arts, usually w'alks a few steps 
* iarther up the straw, where it xianscs fot its body aud members to acquire more firm- 
hess and strength by the further evaporation of their moisture, after wHiich it is ready 
to spread its wings and mount into the air. 

The Hessian Fly is easily distingnishable in all its stages fi:om the 
\rheat midge, which belongs to a dlfiereut gmn&^IHplosii (2). tritici of 
' Kirby). The wheat midge is orange-colored, has a stouter body, with 
' 14Ba 
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clear, transparent and much broader wings, and pale-yellow legs, while 
the larv® are orange-colored, and live crowded around the wheat-grains ^ 
at the top of the plant; they spin a silken, round, genuine cocoon, smaller 
than a mustard seed, winch remains in the ground just beneath the sur- 
face. So it will be seen that the form and habits of the two insects arc 
very dissimilar, and that they need not be confounded. , ’ 

HABITS OP THE HESSIAN PLY. 

Having become acquainted with the appearance of this two-winged 
gall-fly in its ditt'erent stages, we are now inepared to, study its habits ; 
for an intimate knowledge of how it comports itself as an egg,darva, 
^^flaxseexl,” and perfect winged fly is absolutely essential to the farmer 
who would endeavor intelligently to combat this pest. 

Number of broods . — Tlie Hessian Fly is double brooded, the flax- 
seeds ” or puparia being found on the winter whedt from late in the au- 
tumn, through the wdiiter, until the early part or middle of April. The 
^•flaxseeds ” of this brood, from one to about twenty in number, are situ- 
ated between the stalk and sheathing base of the leaf, at the roots of 
the young grain, slightly beneath tlie surface of tlie ground. 

The ‘‘ flaxseeds^' of the second generation affect the wheat in the late 
spring and summer; but are situated higher up, an inch or two above the 
surface of the ground, at the lower joints of the straw. 

la the ordinary course of nature, tliereforo [says Fitcli], onr crops of winrer wheat 
are liable to two attacks of the Hessian Fly, one generation reared at its roots produc- 
ing another, which occupies the lower joints of the stocks. Tims the larvje and pupie 
are present in it almost continually from the time the tender young blades ajipear 
above the ground in autumn till the grain ripens and is harvested the next summer. 
Our spring wheat, on the other haml, can rear but one brood of these insects; they 
consequently resort to it but little, if at all. Nor can the Hessian Fly sustain itself 
except in districts where w inter w'heat is cultivated in which for it to nestle during 
the autumn and winter. 

As a general rule, tlien, there are two broods of the fly, tlie first lay- 
ing their eggs late in April and in May, and the second brood of flies 
ovipositing in August, during Seiitember, and perhaps a few early in 
October. ■ Sometimes the flies appear earlier, as Professor Cook, who ob- 
served the insect in Michigan, says that “in July and August the flies 
again issue forth, and the cy^cle of changes for the year is complete. 
Thus we see that the flies are ready for work in the fall, much before 
the wheat is ready for them, and may attack a volunteer crop long be- 
fore the usual crop is above ground or even sowii.’^ 

A third broodmay sometimes appear^ asshown by Mr. B. Hulick, of Mich- 
igan. According to Professor Cook, Mr. llulick found the empty “flax- 
seeds’’ on volunteer wheat in September.^ On Professor Cook’s expressing 

111 Mr. F. S. Sleeper writes ns that be has on oqe occasion seen the Hessian Flies laying their eggs as 
late as October 26. In February, 1678, during very mild weather, he observed them laying their eggs 
in Febroary. See bis statemenu, farther on. 
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some doubt whether the fly had issued, suggesting that it might be the 
parasite that had eaten the fly and come forth, as the time appeared to 
him too short, Mr. Ilulick at once planted some of the volunteer wheat, 
still oontaiiiing the “flaxseed,” in close jars, and — 

Saw, many of the flies issno ; anfl, more, Lad eggs laid hy these flics on the samo 
wheat ill October. Mr. Ilulick showed these flies and their eggs to several of his 
neighbors. In this case the eggs were deposited in July, the flaxseed state assumed 
in September, from which caiue a third brood of flies in October. This is certainly a 
very important matter, as it shows that three broods are possible ui\der favorable con- 
ditions. That while the fall flies may, nay generally must, wait till September to 
deposit eggs, they only want opjiortuQity to breed tlieir miscliief much earlier, even 
in July or August, and thus propagate a late brood of dies wliich will ho in readiness 
for even the latest sown wheat. No doubt, too, as in the case of all insects, vai'ying 
degrees of heat or cold will accelerate or retard the various Iran sforiii at ions. (Lec- 
ture, &c., p. y.) 

Mode of egg laying (see Tlate IV, e, the fly of its natural size engaged 
in laying its eggs oil the leaf of wheat). — The mode of ovipositiou has 
thus been described by Mr. Herrick : 

The eggs are laid in the long <?rea.ses or furrows of the upper Biirfaco of the leaves 
(t. c., the blade or strap-shaped part) of the young wlieat j)lant. While depositing 
her eggs the insect stands with her head towards the pt)int or extremity of the leaf, 
and at various distances between the point and where the leaf joins and surrounds 
the stalk. The number found on a single leaf varies fi <uij a single egg up to thirty, 
or even more. 

Professor Cook says that — 

The fly very rarely lajs more than three eggs at one time without change of posi- 
tion. She more freqinmtly lays two, and generally but one. In case she lays hut one 
it takes less than a quarter of a minute, and less than half a minute to lay three, 
when they are all laid without a change of position on the part of the fly. After 
laying she seeiiis to draw in her ovipositor soon to extend it again, at the same time 
crewding into it the one, two, or three eggs that are next to he laid. She then flies 
to another leaf, alighting nsiuilly, not ahvays, with head tow'ards the end of the leaf. 
She then. appears to wipe the eggs off the jointed ovipositor. She really crowds the 
egg till the cud touches the leaf, w’heu hy friction of the leaf and adhesion of the egg 
the latter is held fast while the egg-tubo is withdrawn. If the second and third are 
to he laid she repeats the operation, after which she retracts her ovipositor, restocks 
it, and in a trice is depositing the fatal germs on another leaf. I say usually on the 
upper surface, for occasionally eggs are laid on the stalk, and sometimes on the under 
Bide of a leaf. I have observed that the fly often makes many unsuccessful efforts to 
cause the egg to adhero on the outer face of the leaf before she succeeds. I have seen 
a fly work thus for two minutes before success crowned her efforts. The fly may thus 
learn by experience that it is easier to deposit on the inner or upper face of the 
blade, and so generally choose that surface. We shall see, too, in the sequel, that it 
is better for the prospective maggot that the egg ht^ placed on the upper surface. In 
four to ten days, more or less, as the weather is cool or warm, the eggs liatch. (Lec- 
ture, p. 7.) * 

Mr. 0. Y. Eiley describes as follows the process in the E’ew York 
Tribune ; . ^ 

I have very carefully studied the oviposit! on of the Hessian Fly, closely observing 
the female in the act on several occasions ^ and as accurate observations on this point 
are not easily made, I herewith transcribe my notes of several years ago : 
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Eggs deposited in irregular rows in the lougifcudinal cavities and depressions of 
wheat stalks between the stalk and sheath when this is loose, or on the leaves between 
the natural ridges or cariiiie of the upper surface, this last being the more common 
habit. Ordinarily there are from five to ten in a row, but sometimes more. Each egg 
,02 inch long, cylindrical, rounded at each end, soft, translucent, and pale orange-red 
in color. , Before hatching, the pule sides of the inclosed larva show through the shell. 
Larva hatched in four days; crawls down leaf to base of sheath, which on young 
grain is at crown of root. The orange-red color is soon lost, and the larva becomes 
psde, translucent, and x^lunip, sinking more or less into the stalk by the dei)leting 
process kept up. 

In an article in a Saint Louis paper I described, last Juno, tlie process of ovipositiou 
on the leaves, and my own observations in Missouri accord entirely with those of £. 
Tilghman recorded in 1820, and of E. C. Herrick in 1S44, and quoted by Fitch in his 
essay on the Hessian Fly (Albany, 184(1), with the exception that they do not mention 
the exceqitioiial habit of pushing the eggs between the sheath and the stalk, owing 
doubtless to the fact that their observations were made solely on the autiimn brood 
of flies ovipositing on the young x^lauts, the habit being more common in the early 
summer brood when the jilaiits are larger. 

Mr. William Stroug, of Kalamazoo Count}", MicliigJiiij thus describes 
the process, adding some ixarticulars of interest: 

I have seen the wheat plant ■with many of the maggots at work before there was 
any stalk for the fly to lay its eggs on, by iiitroducitig its extensile abdominal tip under 
the leaf sheath. Even this fall 1 have seen this very thing wIuml there was as yet but 
one shoot from the kernel, having hut three leaves, the wheat having been sowed not 
more than three weeks. I have seen these maggots w'hcu too small to he seen without 
the aid of a glass, so low down towards the kernel, wdiich was sowed with a drill, that 
if the fly had deposited the e^gs under the leaf on the stalk, if there had been one 
there, she \vould have been obliged to use a spade to dig to get a chance. 1 am not 
the only one who believes that the egg is laid on the leaf and hatches there, when Ihe 
siiiall maggot works its way down inside of the leaf as low as possible. If there should 
be fifteen or twenty on one leaf (not a largo number to find the past year under one 
leaf), of course as they took their places they would be somewhat in row’s, but they, 
of course, are not the *‘eggs placed in the longitudinal grooves of the stalk.” 

In Solon Robinson’s “Facts for Farmers,” page 214, we read : “The fcMiiale dex)osits 
her eggs soon after the wheat begins to grow, " * * in the csiviUes betw’ceu the 

little ridges of the blades. In from four to fifteen days the eggs hatch and the dim in- 
utivo maggots work down into the leaf-sheath and there spend the winter.” In the 
Kalamazoo Tdegrapli for Novomhor 7, this year, are a few lines uiion the Hessian Fly 
by M. B. Bateham, of Ohio. Ho is too wrell know'n to need an introduction at this 
time. He says: “In the spring, with the first warm weather, the fly will come forth 
and deposit its eggs upon the leaf, which will then soon hatch, when the worms, 
crawling down the leaf, feed upon the stalk, injuring its growth, often causing it to 
d.ie,” A reason given by some why the fly does not injure red wheat as much as white 
is because the leaf of the red grows so long and slants down from the shoot so that 
when the egg hatches the maggot works dow’ii the wrong way, falls to the ground, 
and so many fail to harm the wheat. 

A writer in the Cotmtry Gentleman^ Mr. Caleb S. Fuller, of Jackson 
County, Michigan, says: 

The fly commences as soon as the ■wheat is np an inch higli. I xdacod in a glass 
fruit jar some stools of wheat which w'as sow'n on the 3lst of August, and about the 
15th of October the fly hatched out of the brown eggs [puparia] which were in the 
wheat in large numbers, and was a lively little black fellow about one-eighth of an 
inch long. Now, if the eggs were deposited about the 8th of September, as that is as 
soon as the wheat would Ibe large enough for thorn, it would give them about 37 days 
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to mature so as to fly again, though they might hatch a little sooner or later in the 
open field. I cannot siiy as to that; have no certain means of knowing. 

The flies of the second brood are, in southern Michigan, ready to de- 
posit their eggs late in April or early in May “on spring wheat or barley 
which is sufficiently advanced, in lieu of which they deposit on the wheat 
again, not on the basal or radical leaves, but on the leaves which \Mill 
be above the first or second, rarely the third, joints.” (Cook.) 

Habits of the larva , — As soon as the footless larva or maggot hatches, 
it makes its way down the loaf to the base of the sheath, wliieh, in the 
young winter wheat, is at the crown of the root. 

Here [says Herrick] it fastens, longtlnviso, and head downwanls, to the tender stalk, 
and lives upon the sap. It docs not gnaw the stalk, nor does it outer the central cav- 
ity thereof; hut, as the larva increases in size, it gradually heeoines iinhedded in the 
substance of the stalk. After t^aking its station, the larva moves no more, gradually 
loses its reddish color and wrinklc<l appearance, hceoiues i>lmnp and torpid, is at tirst 
setrii-iranslncent, and then more and more clouded with intestinal white spots; and 
Avhen near maturity, the middle of the intestinal parts is of a gre(*nish color. In five 
or SIX weeks (vary Tug with the sea.sou) the larva begins to turn brown, and soon bo- 
comes of a bright chestnut color, hearing some resemblance to a llaxseed. 

Eb’FECT OF TTIK WORM OR LARVA ON THE WHEAT. 

As has been stated, the worm in antnmii lies at the sheathing base of 
the leaves just above the roots, at or near the’surface of the soil. It is 
easy to dctc(*>t the flaxseed from its large size and (diestmit-brown color, 
by separating the leaf from the stalk of the yoniig wheat in October 
and November, when the worm has stop])cd feeding and is incased in 
its brown sack. Scattered shoots will be found, withered and changed 
to a light yellow color, and, as Fitch observes, strongly contrasting wit|i 
the rich green of the vigorous uninjured plants. (Sec IMate IV, represent- 
ing a healthy stalk on the right and a dwarfed ]dant on the left, con- 
taining three flaxseeds, with the leaves partly Avithered.) The worms, 
before assuming the flaxseed state, rest between the leaves and the 
stalk; their soft, fleshy, undeveloped mouth-parts do not enable them to 
gnaw the surface of the plant, but the sap is 8ui)posed to be absorbed 
directly through the walls of the body, and thus tliey are said to feed by 
imbibition; this weakens the plant and causes it to become unhealthy 
and turn yellow and die; moreover, although this point is disputed by 
Dr. Fitch, the presence of the worms causes the formation of a gall like 
swelling or enlargement of the stalk, an abnormal growth of the idant 
being caused by the slight interruption to the flow of the sap. Of course 
when six or a dozen of these comparatively large flaxseeds are lodged 
under the base of the leaves the plant turns yellow' and dies, as if the 
roots had been affected. 

How a field of winter wiieat may be attacked and affected by the Hes- 
sian Fly may be seen by reading the follow ing account in the Cultivator 
and Country Oentleman: , 

Last fall the appearance of tlie wheat plant on difTerent fields and locations was 
very dilTerent. On strong and level lauds, little injury was shoAvn. Hilly fields, or 
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\9hero there was a ridge or worn point, or whoi'e the rock cropped nearer the snrfac^, 
the wheat appeared injured or dead, as also when, sown after spring grain, particu- 
larly oats. That the fly either enters the ground or remains in the dry stubble till 
the size of the wheat affords a lodgment, appears true. As an instance, I note the 
following facts: An acre of potato ground of 1876 was sown to oats in 1877. ' It was 
in fair condition, and a heavy crop was secured. Surrounding this piece of oats on 
thscc sides w'as a meadow, the highway bordering the other side. A good crop of 
hay was taheii in June, and the field was all plowed in July. The after cultivation 
was the same, putting the field in an excellent condition for the crop. Seeding was 
thi'ongli early in September, and in a few days tlie whole fi*dd was nearly covered 
with the growing wheat, and was very mucli admired, both for its beautiful green 
and its superior culture. All at once tlic wheat on the oat stubble was turning very 
yellow, in strong contrast to the deep green on the snrrounding meadow. In the 
hollows, on the accumulated wash of ages, the wheat wsis very lai-go and kept green 
and growing; while on the sharp points of knolls and hard clay ridges, it was nearly 
gone. On a piece of new liiud near by, where never a kernel of grain was grown be- 
fore, no fly or injury could be seen. 

The appoaraiiee of the fly wiis general, as soon as one or two leaves gave tlicm a 
lodgment. Owing to the superior warmth aud moisture of the entire fiill months, 
wheat sowed on strong land tillered largely. The insects took *the first tiller and 
stuck to it, while two and even four others came out and covei*ed the ground. On 
poorer parts of the field the plant could not tiller so much, and here the injury showed 
most. Up to this date the crop has wintered well, a dei^i) layer of snow now keeps 
insects and wheat alike. About the 1st of May this entire brood will be ready to dc- 
jiosit their eggs, and tliey will number millions. 

That a field of Avheat may recuperate after a favorable winter, and 
how such a field looks early in the following: Juno, is well brought out 
by the following extract from the Vmirie Farmer: 

The early sown wheat that was badly eaten by the. Hessian Fly hast fall, but which 
has been apparently entirely recuperated by the remarkably favorable winter and 
spring just passed, is more seriously damaged by the Insect than many farmers are 
probably aware of. 1 visited to-day a thirty-acre field, sowed on the. 5tli, (>tli, and 7tli 
days of September. Early in October it looked very badly — was yellow and* showed 
bare ground in many places, and the plants for a long time seemed to be dwindling 
and growing smaller. The fine spring, however, brought it out apparently all right. 
It now stands five feet four to six inches high, very avcH headed, and seemingly good 
fxir from thirty to tliirty-fivc bushels to the acre. I examined the field candnlly in ten 
places, taking twenty W’heat stalks as they stood in the drill row at each place, wdth 
this result: Number of stalks examined, 200; number of stalks containing the fly, 
134, or two-thirds of the whole. Many of the stalks, however, had only one larva, and 
these will probably not be much affected. The insects are all of fiill size., of a cliost- 
uiit color, and plainly visible in the lowi-st joint and the one next above — about twice 
as many were found in the lower joint as in the upper one. This, I supimse, indicates 
a loss to the croi» of from 30 to 50 per cent. 

We had heavy rains on the 8th, 9th, and 10th of September, 1 think, which sus- 
pended the operation of seeding till the rJt]\or after. This seems to be the dividing 
line; separating the flelds badly damaged from those that escaped with little injury. 
Ill a part of the saiiie field (potato ground) sowed, near the last of September, with 
the same kind of wheat, the number of plants eKamiued was 100; affected with fly, 
12. In other fields the rate was four to six to the hundred. 

Many flelds of Meditcp^rancan are lodging. The Clawson stands well, and by 
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rrAAon of its stiff straw and vi;;orons growth promises to withstand the ravages of the 
fly better than the more feebly-growing and weaker-strawed sorts. 

ARVINE Q: WALES. 

Stark County, Ohio, June 7. 

Another extract from the Ctilfimtor and Country Gcntiman bears di- 
rectly on this important point. 

There is a dispute among good fanners wlietlior wheat injured by the llcssinn Fly 
is irreparably damaged. Mr. F. C. Koot thinks it is, as he says when the central stalk 
Is eaten out the i»lant is either dead, or able to make only a fooble growth. If it 
, makes a head, it will perfect only one or two seeds to a plant, kir. Jesse Dewey quali- 
fies this statciuciit thus: If the land is nch enough^ thongh Iho ceniral stalk he injured, 
the wheat plant will stool, and from its side roots sends up sialks and x>erfcct a fair 
crop. I have no doubt that both of these excellent farmers arc right. On the great 
majority of fields, the injury to the wheat plant in the fall means the destruction of 
the crop. When the central plant has been injured, the side shoots havi3 not enough 
vitality to perfect much seed. Yet there may be land rich ciiongli to make a crop from 
the second growth, iirovided the Hessian Fly next spring is not nnmcronB ciiougli to 
do sei-ions dainago. Very much now depends on the characti'r of the coming winter* 
A Boasou wliieh, under ordinary eircnnistances, would he favorable, may also save 
myriads of Hessian Flies. There was much more “crinkled” wlieat last sniiimcr than 
usual, and T have little doubt that the cause is to he found in the heavy mantle of 
snow, which preserved a greater nuiiiher than usual of the Hessian Flies through the 
winter. I'lie wheat crop this full would have snlUTod more than usual in any event, 
but the evil has heen greatly aggravatcMl hy the warm ami generally dry weather after 
w'heat-sowing. We had no killing frost until near Novomhor, nor frost of any kind 
until the middle of October. With frosts in their usual season, and not sowing too 
late, there need he little danger from the Ilessiiin Fly. But it is the i)oorne8B of the 
soil wliich leads farmer.s, year hy year, to sow their wheat earlier in order to get a 
l.arger growth. Making the soil richer removes thedinicnlty by removing its original 
and principal cause. — W. J. F., Alouroc County, N, Y. 

INFLUENCE OF THE WEATHER AND FAVORABLE AND UNFAVORABLE 

REASONS. 


To properly discuss Ibis very important subject would require an inti- 
mate knowledge of the meteorological conditions and the relative abun- 
dance or rarity of the Hessian Fly during each year since its first ap- 
liearance in this country in 1770. All that we can say with our present 
exceedingly imperfect knowledge bears but slightly on this point and 
must be considered as simply provisional. We may here quote from 
the Gtiltivator and Country Gentleman what has been stated by Mr. Eiley 
in speaking of the condition of the Ilessiau Fly in 1877: 

The Hessian Fly is rather an insect of moist climates and mild latitudes; and there- 
fore, unlike the chiueb-bug, its multiplication has been favored by the cool and wet 
summers and aulnmns of the last three y tars. Wliile the rainy period whicli as a gen- 
eral statement may bo said to have commenced in May, 1875, and continued to the 
present date, and during which time there have neither been severe droughts nor con- 
tinued summer heats, the chinch-hn^ has so nearly disappeared that its depredations 
have been searcely noticed, the Hessian Fly has developed and thrived, and to the 
extent that if the weather favors— that is, if from now V) harvest it should con- 
tinue cool and moist or w'arm and wet — the damage likely to be done to the incoming 
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and the follo^ring crop can scarcely bo estimated. But if dry weather prevails from 
this time to harvest, the damage done can hai’dly he considerab]e~and if it should 
turn very dry and hot, all danger from serious depredations from it may be cast out 
of the account, in measuring the outcome of the crop— since a certain amount of 
moisture is absolutely necessary for the succe&sful development of the several stages 
in the growth and progress of this insect scourge. But then Professor Riley warned 
me agaiust drawing dual conclusions on insuOicient data, it being quite possible that 
other forces and causes appearing might bring about aquite’diil'creut and unexpected 
result. Nevertheless, there are many reasons for expecting a dry spiring, a warm 
harvest, and a hot summer, and comparatively trifling damage to he done by the fly 
on the wheat harvest of 1878.— W. J. F. 

The effects of dronfi:lit on the Hessian fly has been noticed by Profes- 
sor Riley, in the American Naturalist for November 1881 , as follows: 

It has long been known that the Hessiiin Fly flourishes most when the Chinch Bug 
. flourishes least; in other words, that wet weather favors it. Moisture seems essen- 
tial to the wdll-heing of the larva. The prejudicial effect of drought lias not hitlierto 
been observed, that w'o are aware of, hut was very noticeable the iircs'ent year in 
parts of Ohio, wdiere the pnparia literally dried up. Onr attention was first called to 
the fact of the general death of the insect in the “flaxseed’' state hy Mr. E. W. Clay- 
pole, of Yellow Springs, Ohio, and oiirohserv'ations snbseipienlly conlirmed his experi- 
ence. The intense heat liad not only desiccated tlie Cecidoinyia, hnt, what Is still 
more remarkable, in most cases the parasites also. We should like to hear from Pro- 
fessor Cook, of Michigan, and ot hers, whether a like result followed the severe hetit 
and drought in other parts of the West. The presumption is that the mortality was 
general and that farmers may expect immunity from injury for some years to eonie. 

That this fly flouri.she.s best in a rather warm and moist season is 
shown by its habits. The flies hover in the spring: and autumn over the 
wheat-fields in countless numbers, especially at morning and evening, 
avoiding the direct heat of the sun. 

I 

' PARASITES OF THE HESSIAN FLY. 

How useful, nay indispensable, parasitic insects may prove in keeping 
the noxious ones within due limits is well illustrated by the case of this 
fly, for whenever it suddenly disappears from a given locality, this is 
usually due to the attacks of its i)arasites, ami especially one Chalcid 
fly, the Semiotellus [I{omo2)oru8] destructor^ first described by Say. 

This is a hymenopterous insect, having four wings and belonging to 
the same order of insects as the saw-flies, foiir-wiiiged gall-flies 
the larger ichneumons, and the wasps and bees. It is a member of the 
family Ohalcididoi, As stated in onr Ottide to the Study of Insects^ this is 
a group of great extent, the species being of small size; they are often 
of shiny colors, as the name of the principal genus implies, being either 
bronze or metallic. They also have eibowed antenme with from six to 
fourteen joints, and the wings are often deficient in veins. The abdomen 
is usually smaller, and composed ordinarily of seven rings in the male, 
and of six in the female, the latter often lia ving a short but visible ovi- 
positor, a horny tube ^consisting of three pairs of stout bristles closely 
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united and forming a quite solid tube. Some species are wingless. 
There are 1,200 species of the family known in Enrope, and there are, in 
all probability, at least 1,000 in the United States. Few of them Are over 
a line in length. 

S&iniotellus destrticior^ male. (Plate IV, Fig. i, inncli enlarged.) The 
head is transversely oblong, or rather cubical, being rather wider than 
long, and slightly broader than the thorax when seen from above, being 
full, somewhat rounded in front, and hollowed out behind next to the 
thorax. The eyes are dull red, reaching, when seen above, behind the 
middle of the head. The antenna?, are elbowed, and when bent back 
reach to about the middle of the thorax; they are yellow on the basal 
half, black be>oml. In tlie male they are 10-jointed; the scape (joints 
1-3) is pale, and free from hairs, while the tlagellum (or joints 4-10) is 
blackish and clothed with dense, still* hairs as long as the joint is thick. 
The fourth joint has at base a minute, indistinct, constricted portion; 
joints 5 to 0 are. of equal length and shorter than the 4th joint; the 10th 
(terminal) joint is long and acute at the tip, and nearly twice as long as 
the Dth: it is subdivided, when seen under a J-inch objective, into five 
sub-joints, the 5th minute and acutely couical. 

The thorax is about twice as long as broad, and widest at the inser- 
tion of the fore-wiiigs; like the head, the crust is coarsely punetured. 
The fore-wings arc broad, triangiTlar, well rounded externally; the sub- 
costal vein is very thick, being strongly marked, and aft(‘r joining the 
costal or front edge of the wing for a sliort distance, just beyond the 
middle of the wing, is bout in towards the middle of th(‘ wing, ending 
in a knob like, expansion with a slight point extending towards the cos- 
tal edge of the. wing. Fitch represents a slightly marked vein extend- 
ing to the outer edge of the wing, but this is absent in our specimens. 
There is an incomplete median and subinedian vein, only perceptible 
under strong magnifying powers, the base of the median being quite 
disconnected from the subinedian. In most of my specimens there was 
no vein extending from the subcostal knob to the end of the wing. 

The legs are pale straw-yellow, the fore shank-joints (tibiie) and toe- 
joints (tarsi) brownish ; the thiril hip-joints (femora) are dusky on the ba- 
sal half, while the hind teniiinal tarsal joints are brown. The abdomen is 
small, black, while the head and thorax lire bright metallic green, some- 
times blue. The abdomen is also smooth and polished, much flattened, 
oval, not so wide as the thorax, broad at the end and suddenly pointed 
(mucronate) at the tip. It has a large yellowish patch on the upper 
and under side of the second segment. Length of the body 2-2.0 milli- 
meters (0.08-0.11 inch). • 

The female differs in her greater size and rather slenderer body, and 
the more club shaped anteniueythe terminal joint being twice as long as 
thick. Between the 3d and 4th joints are two distinct, minute subjoints, 
the 2d shorter but wider than the 1st; joints 4-9»are shorter and less- 
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bairy tlian in the male, while the lOth (terminal) joint is acute at tip, 
and subdivided into four subjoiuts. The abdomen is as lon|? and as 
wide as the thorax, ending in a long, sharp point, the short but distinct 
ovipositor extending slightly beyond the tip of the body. There is a 
slightly marked pale spot above on the second segment. Length 2.4-3 
millimeters (0.10-0.12 inch). 

This parasite was first described by Say, his specimens occurring at or 
near rhiladelphia ; it was observed by Hemck iii 1833, in Connecticut, 
and in 1877 we bred it from puparia of the Hessian Fly received from 
Ohio; and, as stated by Professor Cook, it is snfliciently abundant in 
Michigan to destroy the Hessian Fly in great numbers, and is prob- 
ably distributed throughout the Hessian Fly area. 

So destructive are this and other parasites to the Hessian Fly that as 
early as 1841 Herrick claimed that in Connecticut “a very large propor- 
tion, probably more than nine-tenthft, of every generation of the Hessian 
Fly is destroyed by parasites.” This work is mainly, we doubt not, done 
by the chalcid j)arasite under consideration. It is to this insect more 
than to any other means in nature that we owe the general immunity in 
certain years from the attaciks of the Hessian Fly in most wheat regions, 
and to this cause that during certain years the liy is kei)t wholly within 
bounds. Few people, even naturalists, liave any adequate idea of the 
good done by these minute i)arasites. •What was the fact in Connecticut 
in 1841,* and the few years ])receding, has been the case in Michigan, 
•according to Mr. F. S. Sleei)er, of Galesburg, Mich., who writes us that 
the Hessian Fly was nearly exterminated in Kalamazoo County by 
Semiotellus destrueior^ nearly all the “fla\s(‘eds” in the crop of 1877 
having been destroyed by this friendly parasite. He wi ites us that in 
the autumn of 1877 he found these parasites in the whcat-ihdds in count- 
less iiuinbers, and tliat the perfect Hessian Fly was diflicnlt to find. 

Ko one since Herrick recorded his observations has made very care- 
ful observations on the habits of these j)arasites. lie states that : 

Ic pierces the sheath of the stalk (inaking a hole too small to ho iletccteU by a pow- 
erful microscope), and deposits an egg in the pnpa within. Tliis is done eliiefly in 
Juno, the perfect insect is evolved in the siiiiimer and autuiiin sncceeding, eating 
its way through the pupariuin and the sheath of the leaf. 

Herrick also states that a second i)arasite, very similar to the Semio- 
tcUus destructor j “ but with mere rudiments of wings, is sometimes evolved 
from the pupte of the Hessian Fly. I am in doubt whether it should be 
considered a distinct species or only a variety.” 

A third parasite was reared by Herrick in Connecticut. It is aii in- 
sect of the tribe Ghalcidice, w hos^ genn.s he did not determine. Its habits 
were like those of Semiotellus, and wingless females of this species were 
also found. ** 

A fourth parasite, noticed by Herrick, belongs to Latreille’s tribe 
Oxyuriy but the genus was not determined. In habits it agreed with 
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tlie foregoing parasites, but it was evolved Jater in tbe year. Her- 
rick adds that all the parasites mentioned “are likewise evolved in the 
€pring from the Hessian Fly pupa? of the summer ])revious.” 

The fifth parasite has quite dilierent habits. It was said by Herrick 
to deposit its eggs in those of the Hessian Fly. Herrick, its first dis- 
coverer, thus speaks of it : 

The insect is abniuhint in the antninn. I first saw it Soptoinber 23, 1833, in the act 
of its eg"s in the of the Hessian Fly. From snimt'qnont observations 

it appears that four or five are laid in a single egg of the Hessian Fly. Th© lut- 
ter egg hatches, and the animal advances to the pn)>a state as iisnal, but from the 
pnparium no Hessian Fly ever comes forth. Tlii.s ]>:ira>ilte forms within the piiparium 

silky cocoon of a brownish color. 

It is probable that it is the species first tliscovered hy IleiTick in Con- 
necticut which Professor Cook has detected ovipositing in the eggs of 
the Hessian Fly.'^^ 

It is black aiiddooks not unlike a tiny gnat. The female feels for the egg with her 
;antenuje, and Avlien found intnides the fiital egg, whie.h, I find, fakes three- fourths of 
a minute ; full three times as hmg as it takes the Hessian Fly. TImj little i>arasite is 
Jinich longer, too, in finding tlie egg.^ than is the fiy in laying4hcm. I find that each 
egg receives one, two, or thrc‘<*. of the parasite’s eggs. The eggs of these latter are 
tardy in hatching, so that tln^ larva of the i)arasite may feed on the maggot of the 
Hessian Fly, not her egg.s. Tln-sc pu))<ate in the pnparinm of the Hy. • 

Platygasier error Fitch f — Having rt'ceived one of those egg-parasites 
from Professor Cook, I liml it to be so miu;li like the Plafygaater error 

"‘Onr attention has been called hy Mr. Howaid lo the fact that as a rule to which 
there is no known exception, egg-parasites issue as adults from the eggsof tlndr host; 
Sind on reflection it si’cms to ns that tlie IMatygastcr in (piestion is entirely too largo 
to be regarded ns a true egg iiarasite, those known to he such being of niinnto size. 
Fresh and very eaiefiil observations arc tlierefore needed on this point, and it is pos- 
Kible that both llerriek am^ Cook have luen in error, ami tlmt the eggs W’ere in- 
serted in freslily hatched larvaj when little larger thaji the. eggs. Wo append Mr. 
Howard’s criticism : 

“ Fitch’s description of Piatj/tjahlcrn'ror (which name yon apply to tin* so-called *ogg- 
parasite’ in Bnllelin 4) is so general tli.at it wdll ai»ply to almost any Hpccies of the 
genus. And now a word as to the egg-parasite. So contrary is it to all analogy in 
the whole grgnp of parasitic Hymejiojdora, to say nothing of tlie w'cll-knowii habits of 
the genus Flatygaster, tliat a ]»arasitic egg should be deposited witliin the egg of a 
•Lost and not hutch until the larva of the latter has issued, lhat I look upon the re- 
poi-ted observations of Herrick, and es^iccially of Cook, as in the highest degree im- 
|>robable. 

1. No other rase Is on record, to iny knowledge, win re an egg-parasite does not 
issue as an adult from Ihc egy of its host. 

“ 2. European species of Plalygastcr -lire known to lay their eggs in lan'ce of Ceci- 
dotnyidai only, 

“ 3. The difficulties in the way of making such an observation as. Cook records are 
practically iiiHunnoun table. ^ 

* **The second point alone would, in my judgment, settle the matter, as the generic 
liablts of parasites are very uniform.” > 

Hcspectfully, yours. 


L. O. HOWARD. 
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of Fitch (Fig. 9) that I Refer it to that species, though with a doubt. 
This is probably also the parasite referred to by Mr. Herrick. 

Itis shining black; the head is finely punctured, rounded, and slightly 
broader than long, being about as wide as the thorax. The antennae 

are aboutaslongas thehead and thorax ; they 
are slender, but ai)parently a little stouter 
than in 1\ error, the penultimate joints being 
> a little broader and scpiarer than he repre- 
' scuts (and they are very ditterent from Platy- 
gaster tipulai), these joints not being ‘‘twice 
as long as thick,” but only i to ^ longer, niiudi 
as represented by Fitch in his figure the 
Fio. 9.-putygn8tcr of the nossk,, terminal Joint is long, oval, not so wide as 

those just behind it, and it tapers to a 
rounded point. The thorax is rounded ovate, but little longer than 
broad, black, with the scutelluin high, rounded and i>ilted. The abdo- 
men is flattened, oval, twice as long as Avide, being a little longer than 
the thorax, but not quite so Avide. The legs are i>itchy blac.k on the 
femora; the tibim dull reddish -broAvn, darkertoAA aids the end; the tarsi 
are 5-joiuted, dark brown, hairy, AA’ith the basal joint reddish at the liase. 
(Fitch says thejiegs of J\ error are pitchy black; but in the specimen 
before me they have a decided reddish tinge.) The Avings are veinless, 
clear transparent, irised. • Length 1.8 inillimeters, being a little larger 
than Fitch’s P. error, Avhich was 0.05 inch long. 1 am disjiosed to refer 
this specimen to Fitch’s species, but should it be found to be quite dis- 
tinct, it may receive the uainc Flatggaster herrickiL It seems to be a 
genuine Platy gaster. 

Fitch states that Platygaater error is seen in company Avith the wheat 
midge {Di^losk tritici) on the wheat ears in i^CAV York, and is A'ery numer- 
ous some years, but he thinks it doubtful Avhether it preys upon the 
midge. 

REMEDIES, PREVENTIVE AND GENERAL. 


Having become familiar Avith the habits of this insect, Avhich can he 
readily obserA’ed by farmers, it is not difficult to apply siieh rcme<lies as 
the experience of wheat raisers of the past century in different parts of 
the wheat region of the United States has nearly uniAdsally found 
serviceable. Eemembering that tlie first brood of flies appears in 
August and continues to hover over the fields until late in September, as- 
if waiting for the fall-sown Avheat to appear, it is evident that by delay- 
ing the date of sowing until after a frost cold enough to kill the flies,, 
they may bo circumvented; for if the wheat is soavii later than the 
20tli of September in nearly all the Middle and Northern States, the 
early frosts will destroy these delicatte insects. Late sowing, then, is the 
most general, imjiortapt, and easily applied preventive remedy. 

n2j4 Sixth Report on the Noxious an»l other Insect^ of the State of New York, by Asa Fitch, M. IJ. PI. . 

1, fig. 4, a, b. The figure is from PackaitVs Guide to t^ie Study of Insects. 
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REMEDIES, PREVENTIVE AND GENERAL. 

Late sowing of most of the wheat-seed . — All w riters, both entomological 
iind agricultural, concur iu recommending this easily-applied remedy: 
that at least a part of the wheat should not be sown until after the 20th of 
{September in the Northern States. The writings of Fitch, Harris, and of 
<Jook concur in recommending this course in a district ridden by these 
pests, even though the wdieat is in danger of being injured by the cold 
autumnal or the winter weather. As the year 1877 was a bad tly year, 
Avc quote the following cxi)licit testimony Iroiii rrofessor Cook’s pam- 
phlet: 

In all the ctMittiry’s experiemu* in oiir country witli this insect, this has been the 
anost certain and satisfactory nictiiod to prevent its ravages. Even more iliau thirty 
years ago this measure is spoken of as uuanimously sauetu)m*d and the most eflieieiit 
of remedies. During the past season [1877] I liave reliable Tei>orls from the following 
•counties: Ottawa, Van Buren, Cass, Kalamazoo, Hillsdale, Saint .Joseph, and Lapeer, 
«ind with few exceptions it is stated that early-sown wheat was injured badly, while 
all sown after Se.ptcniher 20 nearly escaped. In traveling through Ohio and south- 
ern Michigan, I found I could <iften tell the early from the late, sown wheat for long 
•distances, the former looking like oat-pl:mts after a hanl frost, the latter appearing 
green and healthy. Often in the same field the line of demarka tion was very distinct. 

The followdiig iiewspuper extriicts bear upon this subject: 

Perliaps the most effectual remedy, or rather preventive, is late sowing. No wheat 
(should be sown in localities where they have already ai)pcared, or in districts adjoin- 
ing until September 15, and if it is <leferred until the 20th it would he all the bettor. 
Itfipcatcd rolling is said to destroy some of the larvm, and burning tlie stubble, wliero 
practicable, would Certainly d<*stroy many and thus prevent so great devatjtation of 
the sneceeding crop. The great objection to either rolling or burning is that it de- 
(Stroys both friend and foe alik<?. 

Great care should always he used in destroying all noxious insects lest we also de- 
istroy the beneficial on(?s; the; eliief of which are the Ichneumon and Clialcis lli»?s. In 
the counties of Vates, 8eiu*ca, Tomidvins, and Cayuga, where the Hessian Flies have 
.^already made their appearance, it would appear wiser to tit the ground perfectly, 
ripply extra fertilizers, and sow late, ratlier than run any risk or trust to any methods 
of destriictioii. If all infested and contiguous districts would sow late enough so that 
the wheat would not a]»i»ear above ground before September 2.5, 1 bt'liove the dy 
could be effectually starved out. — [1. 1*. Roberts, ])rofes.sor of agriculture, Cornell 
4Jniversity, in the liiiral Xciv lorAcr, September 8, 1877. 

By the attacks of this (the second or spring) brood of worms, the lower joints <»f 
"the wheat arc weakened, and as soon as the head is formed, and the growth is heavy, 
the weakened joints give way and the wheat falls over, or, as it is eommouly ex- 
pressed, it ‘‘crinkles.” If hut few larvje are at work, there will he some kernels of 
■grain in the heads thus affected, but thej'^ will be im»re or less sliriinkeii. If the insects 
-are plenty, the heail seldom “tills,” aud the held lot)ks as if cattle or something else 
liad passed though it, tangling up and throwing down the straw in every direction. 

There are thus two geiioratious of the Hessian Fly each year, one of which subsists aud 
may be always found at the crown of the roots, and the other at some joint above, aud 
'never at the root. If the wheat could be ^d off by sheep iu the fall, between tlie time tliat 
the eggs are laid and the time of their hatching, this remedy would be perfect. Unfor- 
tunately, the w^heat is then young, aud farmers do not like to risk thus feeding it off. 
The only remedy left, therefore, is to sow so late that the wheat w’ill not aiipear above 
ground before October 1. In this case there is the added risk of winter-killing, 
because the plants have not time enough to get well rootc^ before winter. On well- 
•<]faiued, rich laud, this danger is greatly prevented, and therefore late sowing and 
thorough fai^niing seem to be the only available means yet discovered to avoid great 
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losses from tbe ravages of tUo Hessian Fly. Fortunately the parasitic enemies of th» 
fly increase rapidly, and after a year or two of great losses from this insect its nnmbcra 
are reduced so much as scarcely to be noticed for some years.— [C/iica^o Tiihune, 

I find in several counties of northern Ohio, where 1 have traveled of late, a good 
deal of injury is done to the young wheat by the fly — more than has occurred before 
for quite a number of years. This is no doubt owing to the genornl practice of sowing; 
wheat early, and the fact that it uiudc a reninrkahly flue growili during SepteinhiT, 
when the warm weather was also very favorable lor the propagation of the flies. The 
worms have now gone into the puj»a or ^‘flaxseed” state, add if the winter is not 
too wet or cold for tlioui, it is likely the new brood next spring will prove quite mis- 
chievous. — [B., CuUirator and Country Gentleman, 

Pennsylvania German fariiKU-s liave a claim to be considered good zoologists by their 
knowledge of animals, from the noble horse down to the insect tribe, that so beset 
them with labor and loss. The German farmers have been apt and successful in con- 
testing the insect enemies of all crops. The wheat midge, which Came in upon ua 
twenty years ago in vast numbers the last of June and the first of July, made his 
home in the wheat-heads, and nurtured his progeny in the cell prepared for the ex- 
pectant berry, and appropriated the element nature designed for the perfection of tho 
seed* to his own use. This insect for a time literally destroyed tlie wheat product. 
Whether it was a scientific discovery tliat taught the farmers of Lancaster County 
how to get rid of this destructive insect or not, I have never learned. But I do know 
that I i)urcbascd and carried to my farm Lancaster red w'heat which I w^asii stmcted 
to sow in August, and in doing so freed my farm of this pest. Continued early sowing 
proved successful up to the present season, wlien this practico brought the Hessian Fly,, 
who begins at the root of the w heat phiiit. If tin* mother fly can get an opportunity 
to deposit its eggs in the fall season, the larva will stand the winter imbedded in a 
stalk of wheat (which is a well-tillered plant), and brings forth enough Hessian FJica 
to destroy the w heat before harvest time. The habit of this Hessian Fly is to bury in 
the ground w ith the first frost of the fall season. A Lancaster farmer said to me not 
long since, we must sow' our wlieat late this fall if we would avoid the fly. Early- 
sown wheat was a failure in Pennsylvania to an extent, in my estimation, that reduces 
this cereal UO per cent, below' our general aver.'ige. The corn crop over the entire Stalty 
is not an average one. The oat crop is above the aver, age. The buckwheat crop, gen- 
erally relied upon in the northern and western portions of our State as one of the pay- 
ing bread grains, has been veryextensividy injured by the gTasshoy>per, and cannot bo 
expected to yield more than one-half the usual amount.— [V. K. Piollet’s address before 
the Berks County Agrieiilvural Society, at Reading. 

The letter below from W. H. Hillings to the ]<llinira (X. Y.) Farmers^ 
Club, elicited the appended discussion, as reported in the Embandman : 

I have yjerused your club reports w'itlimueb interest, especially those relating to the- 
Hessian Fly. In an cxiierieiicc of fifteen years of wheat raising I have had al^out four 
acres of wheat destroyed by this pest. Eight years ago I sowed a field of ten acres to 
wheat, four acres of w’liicli w'ere gravel, the remaining six acres being of sandy loam,, 
jn idaoes so wet that I had to under-drain it. Wheat put in in good condition; land 
new— had been in cultivation only the tw'o previous years. Now for the results: 
During the fall the wheat on the gravelly part started quicker, and when winter set in 
looked better, the fly doing no appreciable damage to any part of the field ; but in tho 
spring when the wheat had apparently reac1n;d about six inches in height, that on the 
gravel commenced turning yellow about the roots, and from that time forward grew 
thinner and most beautifully less until harvest, w hen I cut it with a mower and raked 
it with a wheel-rake, getting about as much straw as farmers generally get from raking 
a like amount of ordinary wheat stubble. On the remaining part of the field ther 
wheat was good, no notic^^ablo damage being done by the fly. A few years previous* 
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HeRsian FIy» less wheat being harvested than was sown. It is generally conceded 
that there are two crops, or hatchings, of the fly during the'growth of the wheat: the 
first in the fall and working until frost comes ; the second in the spring, and continu- 
ing its, depredations until harvest. Late sowing is generally recommended as a pre-' 
veutive. Why should it besof How do you account for the fly W’orking in wheat 
growing on warm gravelly land, while that on the moist soil escaped harm? If, as 
above assumed, there aie two crops of insects hatched per year, how does late sowing 
prevent their depredations f And how can you aeeuunt for the loss of the spring 
wheat crop mentioned f W here was the tirst or small crop hatched, and where did the 
flies remain until spring t Fresh lime is recommended as preventing the ravages of 
this pest ; can you tell me at what partLculur time, spring or fall, the lime should be 
sown to cause the greatest destruction of the lly t Any information from the club on 
the 6ubj4'.et will be thankfully received. 

J. S. Van Duzku. It must not be assumed that the flies which dunmged the spring 
wheat were hatched in that ticld. The parent flies may have como from a distant 
field. 

President Hoffman. To my mind the case is easily explained, so far as the spring 
wheat is concerned. The fly is migratory. VVe are told by tliose who have studied 
its habits that it flies over districts as much as twenty miles in breadth in the course 
of the year. 

The writer furnishes the explanation of the greater damage ilone by the fly on his 
gravelly laud. Thtre the wheat came earlier, and was therefore in condition to re- 
ceive the deposit of eggs, while the more backward wheat was not. It accords with 
the theory that late sowing is a measure of prevention against the ravages of the fly. 
1 had lust fall an llLustraLiou of the protection atlbrded by late sowing. On a small 
piece I wanted to sow wheat after wheat. Before plowing the stubble the volunteer 
crop had made a growth of perhaps six inches. In examining one of the plants I 
found twenty-live of the larva». In many others there were a dozen or more. 1 de- 
stroyed this growth by thorough cultivation, and, after proper fitting, sowed the seed. 
In the plants that came from that late sowing tlnue were very few larvio. They cuino 
too late to receive the eggs. It is well known that the fly deposits the eggs on the 
leaves of the wheat, and that its work ceases aft**!* some frosts come. The late sowing 
brings the growth too late for the fly. The fly which does the mischief in the spring 
is not hatched in the fall — or at least is not fully devtdoped. It comes out in the 
spring, lays a new crop of eggs on the leaves of the growing plants, and the insects; 
which hatch from these eggs are those which do the real injury to the wheat. If the 
time can be ascertained when the eggs are dejiosited on the leaves, then is the time 
to sow lime. I do not know that it will prevent the eggs from hatching. My observa- 
tion of the work done by the fly has tauglit mo one lesson. It is that no wheat should 
besowm except bii rich hind, w'here the plants will be strong and therefore able to re- 
sist the ravages of the insects. — [ fVentern Fanner's Journal^ March 211, ld7cJ. 

It should, howevor, be borne in mind tliat late sowing exjioses the 
wheat to the attacks of the w heat-midge { Diplosis Iritici) and also to the 
rust, while also by late sowing the plants are less advanced and less 
fitted to withstand the rigors of the winter. 

Early soioiny as a remedy , — Still tliere are some who adhere to early 
sowing, as on the \vhole the best thing to do. Wo insert the following 
testimony in favor of this proccdifre: 

In your pax)er of December 6, 1877, there are three or four articles respecting the 
Hessian Fly, and they are so ditferest from my observation of the wheat insect, as we 
call it here, that 1 send you a few lines respecting the damage done to wheat here. 
The last harvest was very much injured in some localities ju this State; in the west 
port of Calhoun County on sandy laud some pieces were not harvested, ilhd others 





^ fielded from five to ten bushels per acre. In tills part of Jackson Gbanty wheat 
iiotstifi^r so much} some 'fields on bur-oak soil yielded as high as <15 bilsheU per aCti; v: 
4>f the Clawson variety. 

The fiy commences as soon as the wheat is up an inch high. 1 placed in a gl^ fruit t , 
jar some stools of wheat wliicii were sown on the Slst of August, aud about the 15th 
of October the fly hatched out of the brown eggs which were in the w'heat in large 
numbers, and was a lively little black fellow about one-eighth of an inch long. Now, 
if the eggs were deposited about the eighth of September, as that is as soon as the 
wheat would be large enough for them, it would give them about 37 days to mature so 
as to fly again, though they might hatch a little sooucr or later in the ox)eu field. I 
cannot say as to that, having no certain means of knowing. Now if wo w'ait till the 
first of October to seed wo will be just in time for tbe first brood that comes out in 
the fall to deposit their eggs in the late sowing, wliich was the case hereabouts. Fields 
sowm on the 25th of September, 187fi, sufiered more than that sowed on the 25th of 
August the same year, not three miles apart; the latter giving a good crop, and the 
former a very light one. 

Now, luy ohservation as w’ell as practice is, that the earliest seedhig is the host every 
time. There are a few farmers in the country who invariably sow early — say as early 
as the 25th of August — aiid they hardly ever fail of a good crop. There may .bo a dif- 
ference in varieties in resisting the ravages of the fly, aud 1 x>resunie there is. The 
Tappahannock suffered very iiinch more than the Clawson in adjoining fields, on the 
same farms, and sowed about fhe same time. 1 venture the suggestion that we all sow 
our wheat earlier — say on the 20th of August, or soon after — as farmers used to do 50 
years ago, so that our -wheat w'ill get a strong root and a large toi) to go into the 
wdnter with. • I hope this suggestion will stir up some scientific man, like Professor' 
Riley of Missouri, to investigate the habits of the fly as thoroughly as he has the locust 
or the Colorado potato beetle, for I think the country has sufiered quite as much from 
the Hessian Fly as from all other pests ipit together. If this brings out the desired 
information, 1 shall be well paid for this my first contribution to your valuable x>ax)er, 
which I have read with great pleasure for the last ten ysars. 

CALEB T. FULLER, 

Jackson County, MiciyoAN. 


In reply to your request for information in regard to the Hessian Fly, 1 will state that 
only a few of the earliest sown pieces are affected in this and the adjoining county 
of Trimble. Wheat in general looks remarkably well, has tillered finely, aud there is 
at least 15 per cent, more than an average acreage sown. 

S. E. IIAJVIPTON. 

Carroll County, Kentucky. 

\_Culiivator and Gentleman. 

We may, tbeii, conclude that, on the whole, late sowing is the best geu: 
oral remedy, but still a part of the wheat should be sown early as a decoy 
t6 draw oft* the flies and induce them to lay their eggs in the early-sown 
grain, that the later-sown i)ortioii may escape their attacks, aud then 
farmers should plow under and resow the fields of early grain. Heueo 
we indorse the following excellent advice, which was first suggested by 
Dr. Fitch, aud reiterated by Professor Cook, as follows : 

- Let all, without exception, sow a narrow strip about each field, to be sown early in 
September, or even in August. From the fact that the flics are already in waiting, 
that the outer edge of a field is almost always the most injured, except that the field 
grew wheat that nourished flies the preceding year, and that such fields suffer m(»t, 
one may expect this early-sown narrow rim to receive nearly all the eggs. Leave the 
balance nf the field till ne feel it is dangerous to wait longer, at least till after tiie 
middle of September, then sow it, after which plow'deeply under the early-sowu strip. 
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that is if it is stocked witli insects, whicli may be easily determined by examination, 
and resow it. We should thus kill two birds with one stone — save our crops, and de- 
stroy the pest. 

Advantage of high culture . — Many farmers advocate liigli culture, sow- 
ing a less breadth (» wheat, and cultivating the ground, using fertilizers. 
This is all-important, as the stronger and more luxuriant the growth of 
the young wheat, the better able will it be to withstand the weakening 
effects of the maggots ; while high culture will carry a partly infested 
field of wheat through, when the same grain grown on a poorer soil 
would succumb. The value, then, of good farming, conducted on scien- 
tific principles, the forcing of the plant by fertilizers, and the rotation 
of crops, is so self-evident that we need devote no more space to this sub- 
ject, except to add the following remarks by practical farmers: 

It is claimed by some that certain varieties of wheat are less liable to the attacks 
of the Hessian Fly, and entire exemption has been el aimed for some. I am satisiied 
from experience that these claims are partially fallacious. There is uo wheat which 
the fly will not injure under favorable couditious for its working. The supposed ex- 
emption is due to the fact, that when a weak-growing and strong-growing variety are 
sown side by side, the fly leaves the latter for the former. Whatever makes the wheat 
plant vigorous, helps to repel the attacks of all insect enemies. If the red sorts are 
less liable to injury, it is because their thicker and ranker leaves keep the i)lant too 
moist for the e.ggs and larva*. I have soon the same result from the use of supta'phos- 
phato, gypsum, salt, and in fact any manure which causes vigorous growth, with 
dampness. Coarse manure sometimes seems to favor the insect, hut only, 1 imagine, 
when the weather is so dry that its coarse strawy substance is really more dry than 
the ground. Wherever the soil is nioi.st, and wheat makes a rax^id growth, the ily 
will do least damage. I shall take advantage of this fact, this fall, in fertilizing my 
wheat more liheraQy than ever before, using two hundred, or perhaps more pounds, of 
phosx)hate X)er acre, hesides gypsum and salt to dilute it. If 1 can get a vigorous 
growth of wheat from the start, there will bo less to fear from the fly. This liberal 
manuring will also enable me to defer sowing till later than would otherwise be safe. 

Rolling and. compacting the ground is very imxmrtant as a means of keeping it 
moist. I shall not roll immediately after sowing, but wait until the wheat is up, 
when, if there is a dry time, with no frosts to keep back the fly, I sliall roll the ground 
with the hope that the roller will destroy at least some of the egg.s which the fly may 
have laid. W. J. F. 

Moj^uoe County, New Youk, 

ICulHvator and Country Gentleman. 

In the rapidly increasing practice of extra niannring and cultivation of wheat, as 
by drilling and hoeing, it is found in very many cases that the Hessian Fly and other 
insects are far less troublesome than on the wheat flelds where only ordinary cultiva- 
tion is practiced. It frequently occurs, too, that superior cultivation permits of earlier 
sowing in the fall ; the extra growth more than oflsetting the damage done by the in- 
sects, to avoid which most farmers now are obliged to resort to late planting. Sovoi-al 
examples are cited where drilled and cnltivated flelds, grown beside ordinary broad- 
cast-sown and lightly- man 11 red fields, with results wholly in favor of the former, the 
Hessian Fly greatly damaging if not totally destroying the latter, while the cultivated 
fields- escaped almost unharmed . — iChltivator and Country Gentleman. 

Pasturing with sheep . — Many farmers practice pasturing wheat-fields 
with sheep or cattle; for it is claimed that if the w£eat is strong enough 
by the middle or end of November to bear it, enough of the larvm or 
flaxseeds may thus be destroyed to save the wheat and prevent the ne- 
15 E o 
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cessity of plowing it in. This is a rather rude, uncertain remedy, but 
can be carried on with more or less success in the Middle States. We 
give the opinions of those who have found pasturing successful. 

From Mr. E. A. Hickman, of Independence, Mo., we obtain the follow- 
ing information : 

In reply to your inquiry on the subject of the Hessian Fly, I will state that I have 
made some inquiry of our best wheat-raisers, and they report as follows: First, the 
wheat-midge is nut found in our State, hence is not further alluded to. A. L. H. Cren- 
shaw, now an old wheat-raiser, and quite successful, says he breaks up his ground in 
July and lets it lie till September, then harrows it into good planting condition, and 
lets it remain until after a killing froatj which is usually from the 25th September to 
the .5th of October; then he puts in the seed by drilling. He has never lost a crop or 
had one injured by the fly. 

G. W. Compton is a successful raiser ; he breaks up in July, and by the 1st of Septem- 
ber sows his wheat immediately, and as soon as the wheat is up and of sufficient 
height he turns sheep and other stock on it to keep it eaten down so that the fly can- 
not shelter under its leaves. This has protected his crop until the fall of 1877, when 
the rains favored the breaking up of the ground and the planting and growing of the 
wheat to such an extent that the slock could not graze it down. Its rankness pro- 
tected the fly and its abundance nearly destroyed his crops. He attributes his failure 
to the fact that his crop w'as not grazed sufficiently close. 

Mr. James Lobb sowed early in September, 1878, a fine growing season; bronght up 
a luxuriant and vigorous stand ; no pasturing was applied either in fall or spring, and 
the crop only yielded about four bushels per acre, the balance being destroyed by the 
fly. This was adjoining a field that produced a fine crop, but cultivated to thwart 
the fly. 

Two other successful men say they have followed the advice of an old settler, who 
told them to have everything ready, but never sow until after a killing frost; and they 
never suffer from that enemy. 

Mr. Eobert McNeilly, of Charlotte, Dickson County, Tennessee, writes 
us that ^^the best preventive found here is to pasture the wheat close 
in the winter with sheep.^^ 

We also reprint the following newspaj)er articles: 

Another error is that pasturing will do no good. If sheep enough are turned in to 
eat the wheat down close before the eggs hatch, after being laid, very much good will 
result. This is an old remedy, and has proved very effectual in many instances. It 
is now too late to employ it, as the eggs are mostly hatched. During the fine weather 
of this fall, so far, very few days only were required to hatch the eggs, after which 
nothing could be done. Very few eggs are placed too close to the ground to escape 
the teeth of sheep, and if enough of these animals could be turned on to eat the wheat 
off within three days after the flies appeared, very little damage would result. Frost 
now will not do much good except with fields that have been sown late, where the 
blades have not grown large enough to attract the fly. The destruction of the entire 
crop does not follow the appearance of the fly always. Unless very badly infested, 
if the soil is rich and the season favorable, a fair crop may result in spite of the fly. 
Of course, the crop is always injured to some extent. The best remedy, after the 
larvm have hatched and found security in the crown of the plant, is to stimulate the 
ground as much as possible by the application f>f fertilizers. 

We mentioned in last week’s issue that the Hessian Fly appeared in Peuusylvania 
as well as in Canada and other sections last year. It appears that the practice of 
early sowing has lately increased so much in Pennsylvania as to furnish everywhere 
the young winter wheat at exactly the time when the Hessian Fly is laying its eggs. 
This probably has a good deal to do with the trouble in Canada also. And yet the 
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«vil8 of late sowing are so great that most farmers woiil'd prefer to risk the Hessians. 
A correspondent of the Gennantown Telegraphy speaking from experience — for he says 
that he has never known his system to fail both to destroy the fly and to greatly 
benefit the crop — gives a useful hiut. He says that if the land is strong, the eggs of 
the fly may all bo destroyed and the crop greatly benefited in this manner; After 
frosts cease in the spring, and the grain is beginning to grow rapidly, and the ground 
has become so dry that tr«T.niping will not injure the crop, pasture off the grain down 
to the crown of the plants with sheep. This will remove all the eggs, and it will 
cause the plants to tiller profusely, often five to seven to one, and all starting together 
will each enjoy equal facilities for growth and maturity, and the crop will be greatly 
improved and increased. If the soil lacks fertility, it is well to a|)ply a proper amount 
of a proper fertilizer when the sheep are removed. If no salt has been applied to the 
land, no application will bo more likely to pay so well as this, at the rate of twelve 
to twenty bushels per acre. This is well worth trying. — [Canada Farmer. 

Sowing of hardy varieties of wheat — When the stalks and leaves of 
certain varieties of wheat are tough and hard, the stems coarse and 
silicious, and the plants ‘Hiller or throw out secondary shoots in a 
vigorous way, such varieties are naturally the most fly-proof and should 
be selected for sowing as winter wheat, while the less hardy and vigor- 
ous kinds should be sown when the attacks of the Hessian Fly are not 
to be expected. 

Of the different varieties of “fly-proof” wheat, the Underhill variety 
has for nearly a century been highly recommended. As Fitch remarks, 
its fly-proof qualities were supposed by many to be due to the hardness 
or solidity of its straw. The fly laid its eggs freely upon the leaves, 
but it was seldom if ever materially injured by it. It is a bearded white 
chaff*, with a plump yellow berry, requiring to be thoroughly dried be- 
fore grinding, and then producing flour in quantity and quality equal 
to the best of the other varieties. 

The Mediterranean wheat is, in the Middle States, in high repute for 
its fly-proof and hardy nature, recovering better than other varieties 
from the attacks of the fly. A correspondent in Charlotte, Tcnn., writes 
us that “the Mediterranean, Red Chaff, and Red May are less liable to 
be damaged by the fly than any we have tried.” Fitch says the Med- 
iterranean wheat is a slight red chaff, having a long stiff beard, a long, 
red, and very flinty berry, and ripens about ten days earlier than 
other varieties. In central New York the Lancixster, a red variety, is 
strongly urged. 

In Michigan the Clawson is apparently the favorite wheat, on account 
of its “fly -proof” qualities. As stated by Professor Cook — 

Tho fact that last summer (1876), as well as this, when Diehl and Clawson were 
sown side hy side, Clawson was comparatively free from insects, and, as stated by 
Mr. Rowe, did not break down in snmnifler, seems to show that it is more exempt from 
attack. It would seem that tho insects have a preference, but will accept plain fare 
rather than starve or fail to produce. It also seems clear that Clawson, Lancaster, 
and the red varieties will stand attack with far less damage, owing to their vigor and 
greater tendency to sprout. 

He then gives the following advice: * 

If wheat must bo sown early, so long as the Hessian Fly remains a pest, by all 
means sow Fultz or other varieties of red wheat, or, better still, Clawson. But if we 
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act more wisely still, and set the trap of an early -sown strip, lot this be sown to Diehl, 
the better to attract the flies, and thou, when we sow the balance of our fleld, two or 
three weeks later, sow Clawson or other rapid, vigorous growing varieties, which not 
only resist attacks better, but survive better when attacked. Lastly, if the early 
sown area is harboring the pests, convert it into an insect cemetery, using the insects 
to fertilize a still further crop of Clawson. 

Mr. W. L. Devereaux, of Clyde, N. Y., gives us his experience with the 
fly and the best varieties to sow : 

Now, concerning the fly : It is the least to be feared of all the injurious insects of the 
United States. 1 am situated in or just north of the starting point of the Cecidomyia 
destructor in this last crusade on wheat, w'hich is Seneca and Tompkins Counties, New 
York, between Cayuga and Seneca Lakes. 'This section is also where the Glaxcsou 
wheat originated, and 1 hold that the Clawson has been the propagator of the fly in 
this Last spread. Perhaps the Soules helped the spread prior to this. 

To my knowledge, there isidt a single instance of a field of Lancaster being injured 
by the larvuj of the fly. Indeed, I never could find a single larva or pupa in afiold of 
Lancaster. It is the kind which farmers have sown almost entirely throughout this 
section this year. It docs well, and, although a red Avheat, it now commands as high 
if nut higher price than Clawson. 

I would particularly impress upon you the fact that we think the fly cannot bo found 
ou Lancaster wheat. It is a variety which is extremely tough and hardy, having that 
green color which farmers call “black,” while the Clawson and similar wheats have 
a green color which is very often yellow. The Lancaster — to strongly indicate its 
toughness — is said to grow readily under water or on a rock. I have no x>crsoiial 
motives in writing thus of the Lancaster wheat; I only want to indicate that it is too 
tough fibre for the Hessian Fly to live on. It is nearly like or is the Blue-stem wheat. 

Professor Cook ranks tho Clawson as being loss injuied by the fly tlian the Lancas- 
ter, but I think the latter is absolutely free from the fly, while the Clawson is liter- 
ally eaten up alive by the fly. 

Mr. Devereaux afterwards wrote as follows, under date of October 29, 
1879: 

The Hessian Fly has not destroyed wheat to any great extent this year. However, 
all white wheat sufiere<l from the attacks of the fly, bnt still not to the extent it did 
last year. Red wheat has never been attacked {vide my article in Rural Neio Former, 
June 15, 1878). The principal bearded red wheat sown in this locality is called tho 
Lancaster. An amber wheat called Fnltz (a bald wheat) seems to bo proof against 
the fly. Mold’s red wheat (bald) is also not attacked. But the Clawson (white), so 
extensively sown here and elsewhere, was most severely attacked in 1877, very badly 
in 1878, and this year it was thought to be free from tho fly, but when harvest came 
it was noticeably short, many heads unfilled, many stunted in their height. ' At this 
date of writing every piece of Clawson sown this fall is being ravaged (however, there 
are only a low pieces of Clawson for miles around here), the Lancaster, as heretofore, 
remaining uninjured. 

I notice after harvest long stubbles and straws of wheat in field and barn-yard which 
have many little pin-holes from which tho imago Cecidomyia escaped. Barley was 
damaged to an enormous extent last year, whole fields having nearly every straw so 
badly damaged that they would break oif readily by passing through with the horse- 
rake, throwing it into winrows. This year barley was not hurt much. 

Now, wasn’t the great spread of the Hessian Fly, which occurred many years ago, 
brought about at that time by that extensively sown wheat, the Soules^ which was a 
very similar wheat to the Clawson, which brought the fly this timef Or, rather, each 
kind of these wheats, by jhoir tender foliage and loose culms, allowed tho rapid prop- 
agation of the .fly, being their favorite variety of wheat ; we may also add the fact that 
these wheats were popular among the farmers everywhere; thus whole wheat district 
were sown entirely to this wheat, bringing forth countless numbers of tho Hessian Fly 
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to every acre. In the former spread of the fly, flirmers entirely desisted from raising 
wheat, or resorted to red or Mediterranean wheat, and so the posts can be driven back 
now to their less prosperous plants by the sowing of Lancaster and similar wheats. 

In conclasion^ we iiuiy urge that whatever kind of wheat is used, much 
more depends on a rich soil, a vigorous growth, and careful cultivation, 
all of which teiul to make the stalk stouter, and the growth a few days 
earlier, than the choice of particular varieties. 

SPECIAL REMEDIES. 

Under this head belong the use of lime, dusted on the young wheat, 
rolling, deep plowing, burning the stubble after harvest, &c. Such 
special remedies as these are of little use as compared with careful prepa- 
ration of the ground and late sowing, and some of them actually do more 
harm than good, as we shall see further on. 

Application of lime to kill the maggot or larvce. — It has been frequently 
recommended to spread fine lime, soot, or salt upon the young wheat so 
as to kill the young larvoe. As a sample of such treatment, which at 
least can do no harm, we extract the following statement from the Kansas 
Farmer : 

The farmer who rocommenda the remedy is a Virginian, and bo writes to a local 
paper as follows: 

“ I hear there is much ‘fly* in the wheat that was sown early this fall. To correct 
this evil I offer the following remedy, which I and others have successfully tested for 
a good many seasons : Sow of air^slacked or water-slacked lime one or two bushels 
per acre broadcast over the wheat in the early morning on the dew, or over night on 
a clear evening, when there is reason to expect dew or frost. As it dissolves it will 
form a lye which will follow the leaf towards the root and destroy the chrysalis of the 
fly near that point. 

“The sower must always sow with the wind, else the lime will be blown hack in 
his face and eyes and on his clothes. And he must grease his hands, face, and nostrils 
with lard, which renders contact with the lime innocuous. If two or more sow they 
should sow en echeUmj at such a distance that the roar shall cast no lime on the front. 
A very good but not indispensable xdan is to use tea scoops — diminutive sugar scoops 
— that will hold a double hand full. It enables one better to take up and measure 
the quantity to be applied. This is an application so simple and cheap as to discredit 
it with the many who are often looking to be told ‘some great thing.* I can only say 
that I know it to bo effectual as a remedy, and that in no case can it do harm.’* 

It is evident that such remedies as these should be applied before the 
insect transforms into the flaxseed state, as the hard, dense pupa case 
is impervious to ordinary appliances such as would kill the maggots. 

Bolling the ground to kill the larvce and flaxseeds, — Practical men advise 
rolling the ground both to keep it moist and in order to destroy the 
eggs, larvm, and some of the flaxseeds. This may be in some cases 
worth trying, but we should think that full as much injury would be 
done to the wheat plants as to the minute larvie and eggs upon them. 

Cutting the grain close to the ground. — This has been sometimes prac- 
ticed. A writer in the Ohio Farmer makes the following statement in 
favor of this plan : 

E. C. Green, Medina County, Ohio, writes: “The Hessian Fly appeared in this vi- 
cinity, but has done but little damage. The wheat commenced to fall over before it 
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was out, aod the eggs or larvse were fonod above the first or second joint. The dam- 
age on five acres of wheat was probably five or six bushels. By reaping low and 
raking the stubble was all saved.” 

A serious objection to reaping low is that many insects of the summer 
brood in the flaxseed state are, as Mr. S. S. Rath von claims, carried to the 
barn or stack, beyond the reach of remedy. From the straw thus har- 
vested the fly would emerge before it was threshed, “and might even 
pass through a machine without injury.” In this manner the fly has 
possibly been distributed through different sections of the country. 

Burning the stubble , — Although this remedy has been advocated, it 
will be seen to be worse than useless when we reflect that after all the 
artilicial means taken to reduce the number of the Hessian Fly, nature’s 
method of checking its undue increase is far more important and 
thorough going; wo refer to the diffusion and multiplication of the 
insect-parasites. As previously stated, most probably nine-tenths of 
the young Hessian Flies are destroyed in the larva or pupa state by 
the parasites already described. For the most part these parasites 
live in the flaxseeds contained in the straw, and appear in spring. Now,, 
to burn the stubble in the autumn or early spring is simply to destroy 
these useful parasites, the best friends of the farmer. We do not hesi- 
tate to urge that the straw be untouched. On the contrary, the para- 
sites should be gathered and bred in numbers; and we believe that 
practical entomologists should bend all their energies towards clearing 
up the subject of rearing and multij)lying these insect hosts. Mucli 
knowledge and practical skill is needed in this direction, as occasionally 
by disseminating the {parasites their noxious hosts may increase and be 
distributed; but knowing, as we do, how many more of the parasites 
are in many cases bred than the insects on which they prey, it seems 
safe and reasonable to advise not only not burning the stubble, but 
letting it stand, so that the parasites may flnish their transformations, 
become fledged, and ready, when the eggs and larv® of the Hessian Fl^^ 
are upon or in the young wheat, to destroy them. 

It is a matter of fact that in years when the Hessian Fly is specially 
abundant and destructive, similar seasons are highly favorable to the 
corresponding increase in the number of their insect or iehneuinon para- 
sites; they do their work so effectively that the few following years the 
numbers of Hessian Flies are greatly reduced. It is, then, to these* 
parasites that we are indebted for the yearsof immunity from the at 
tacks of the Hessian Fly, as much as to favorable or unfavorable 
weather, and this leads us to consider the apparent periodicity in the 
years of abundance and scarcity of the Hessian Fly. 

PERIODICITY IN THE ABUNDANCE AND ** SCARCITY OF THE HESSIAN 

FLY. 

The following tabuldr view, though constructed from very scanty and 
often misleading data, may throw some light on this subject. 

The table has been drawn up from the reports of Fitch, Hind, Gook^ 
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and of the Agricultural Department at Washington, and from different 
newspapers, as well as from private correspondence. The record, as 
therein presented, is very imperfect, but still is sufficient to show the 
periodicity in the return of periods when the Hessian Fly has been sirffi- 
ciently abundant to ravage wheat-lields and excite apprehension and 
alarm. Without much doubt, in the different States mentioned, espe- 
cially in the Middle States, the insect is tolerably abundant nearly every 
year, but few seasons occurring when after a careful search by exjierts 
the fly would not be found. 

As the recorded facta indicate, within about ninety yciirs there have 
been, in the Atlantic and Middle States, six periods of unusual abun- 
dance, namely, centering about the years 1790, 1817, 1844-’45, 1871-^72, 
and 1870-78. These dates, which generally are inserted in larger type 
in the table, mark the time of culmination in the degree of abundance 
and extent of ravages committed, and were preceded by from one to 
several years of less or greater abundance. After the culmination, or 
year of greatest abundance, the fly often suddenly disappears. This 
sudden disappearance is, without doubt, due to the great increase in the 
number of parasites, while the original increase is probably due to a suc- 
cession of warm, damp seasons, favorable to the multiplication of the 
flies. These seasons, when we look at the later Hessian Fly years, such 
as 1844-^46, 1871-72, and 187(P78, when the insect had become wide- 
spread over the western portion of the wheat area, were evidently areas of 
similar climatic features common to the Atlantic and Mississippi Valley 
States. Whether these seasons were warm and moist or not, we have 
not the means at hand to enable us to form an opinion. 

As stated to us by Mr. Thomas, in 1817 the rainfall from Maine to 
Maryland was slightly above the average, 1.01 per cent, of the mean. 

The winter of 1843-^44 was the most severe in the West that had been 
experienced for twenty years ; the spring was cold and late ; 1844 was 
very wet over the West, in fact the wettest season known since its set- 
tlement, or at least since 1811. This was the year of the great flood in 
the Mississippi. It wjis also wet in parts of Virginia and. Maryland. 
But along the sea-coast, from Maine to Florida, the amount of rainfall 
was only about .90 per cent, of the mean. In 1845 it was not very wet 
in any section where wheat was cultivated, the amount along the sea- 
coast being placed at .95, and this was about the same in the Middle 
and Northwestern States, varying from .83 to .91 per cent, of the mean. 

We thus see that the Hessian Fly years, 1817 and 1844, were wet 
years, periods of more than the average rainfall. Of 1871 we have no 
records at hand; the spring and* summer of 1877 were damp and wet, 
and also appear to have been warmer than the previous year. There 
thus appears to be a correlatfon between the seasons of greatest abun- 
dance of Hessian Flies and a greater degree of moisture, if not of heat. 
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DISTRIBUTION OF THE HESSIAN FLY. 

There seems to be good reasons for believing that this insect was 
introduced from southern and southeastern Europe. It was detected 
there in the spring of 1834, by Prof. J. D. Dana, who found the larv® 
and pup.ne, and reared the flies from wheat growing on the island of 
Minorca, lie sent several pup® and flies from Mahon to Mr. Herrick, 
who identified them as the Hessian Fly. 

With Herrick, Fitch, and otUprs, when we prepared our Bulletin on 
this insect, we were disposed to credit the prevalent belief of Colonel 
Morgan, that this fly was introduced into America in the straw sup- 
posed to have been used for packing, brought by the Hessian troops 
during the Ilevolutionary War, in August, 177C. It was supposed that 
the starting point from which the fly originated was the western end of 
Long Island, and that it spread from that point over different parts of 
the country. 

Our republication of the view that this fly was introduced by the Hes- 
sijins led to the publication of an article by Dr. H. A. Hagen in the Cana- 
dian Entomologist for October, 1880, wherein he states that Dr. B. 
Wagner, of Fulda, Hesse Cassel,4iad some years since disproved the 
theory that the Hessian troops could have introduced the insect from 
Germany. This led us to obtain WagnePs publication, a translation 
of which, with Dr. Ilagen^s paper, and other articles by Loew, Cohn, 
and Koppen, we reproduce wholly or in part in the appendices to this 
report in order that the reader may have all the known facts regarding 
the appearance and distribution of the Hessian Fly in Europe. 

From Dr. H. Loewis paper, published in 1859, it appears that a new 
enemy of the rye, called the New Corn Worm or Kye Maggot, made its 
appearance in certain districts of the provinces of Silesia, rosen, and 
Prussia, in 1867 and 1858. This insect he called Cecidomyia secalina^ 
supposing it, from >vant of specimens for comparison, to be different from 
G. destructor. It was afterwards shown by Dr. Wagner and Professor 
Cohn to be the same as the so-called Hessian Fly. 

Dr. B. Wagner, whose essay is carefully prepared and evidently re- 

Herrick, in his Tsluablo article in SiUiman^s Journal (vol. xli, ]». 154), informs us that Mr. J. IX 
Dana, 'vrho had been much associated with him in making a thorongh investigation of the habits of the 
Hessian Fly and its parasites, being on a voyage in tlio Mediterranean, “on the 13th of March, 1834, and 
gubsequently, collected several larvm and pnpm from wheat plants growing in a field on the island of 
Minorca. From those pnpe were evolved, on tho 16th of March, 1834, two individuals of on insect, which 
his recollections (aided by a drawing of the Hessian Fly with which he was provided) enabled him to 
pronounce to be the Ceddomjfia destructor. More of the perfect insects were evolved in the course of 
the month, one of which deposited eggs like those of the Hessian Fly. In letters dated Mahon, April 
8 and 21, Mr. D. sent me five of tho insects and soveraFof the pupee. They arrived in safety, and. after 
a careful examination, 1 saw no good reason to doubt the identity of this insect with the H(‘.Msian Fly. 
The Mahonese asserted that tho insect had been tlicro from time immemorial, and often did great dam- 
age both there and in Spain.” And further, “on the 28th of April, 1834, Mr. D. collected from a wheat- 
field just without the walls of Toulon, ill Franco, several pupio and one larva like those before obtained. 
On the 4th of June, 1^, he obtained similar pnpm from a wheat-field near ICaples.” We doubt whether 
there were living at that day, two persons better qualified to determine the identity of these insects 
with the Hessian Fly than Messrs* Herrick and Dana. Testimony from such a source needs no com- 
ment. “ The Hessian Fly.” By Asa Fitch, pp. 5, 6. 
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liable^ effectually disproves the theory that the Hessian troops could 
have carried the fly to America. 

In the first place Wagner shows that the habits and characters of 
Loewis Eye Maggot agree “even in the moat minute details with his 
observations on C. dcatructor^ which occurred at Fulda, in Hesse Casseb 
in the spring of 1800. Then, after referring to Dana’s observations of 
the insect on the Mediterranean coast, he confidently expresses the opin- 
ion that Loew’s Eye Gall-Fly is identical with the Hessian Fly, with 
which the species from Southern Europe agrees — i, e., the Gerniaii, 
southern European and North American species are altogether nothing 
but Cecidomyia destructor. Wagner then. discusses from historical data 
the question as to the introduction of the insect into America by Hessian 
troops, and the historical facts seem to warrant his opinion, that the 
packing straw used by the Hessians was grown the year previous, and 
from the long time occupied iii the passage of the English transports, 
which left Germany in March and April, not arriving until August, the 
Aies must have all emerged from the wheat before the end of the spring 
and have perished long before the troops reached America. Moreover, 
Wagner shows that Geddoniyia destructor was not known in any part of 
Kurhesse before 1857, records running back for eighty years containing 
no notice of the occurrence of such an insect. Hence he claims that 
this insect was not originally a Hessian Ply; that this name should be 
dropped, and the name “wheat destroyer” should bo substituted for it. 

Having denied that this ily is indigenous in Hesse (and for that 
matter in Germany), he suggests that it was, like some other insects, in 
troduced into Germany from southern Europe, and that as wheat was 
“distributed from the Orient over southern Europe,” Oecidomyia de- 
structor may have been of eastern origin. He then quotes Loew’s state- 
ment “that a Cccidomyia, which in its manner of life and metamor- 
phosis cannot be distinguished from G. destructor^ does great injury to 
the wheat crops on the south shore of Asia Minor,” and adds that this 
fact favors the assumi>tion of its eastern origin. 

Wagner then remarks: 

When and from what shore the iosoct came to America can never bo accnraiely 
determined. Probably it was iutroduce^l sovoral times and at dilFerent times. 
That it happened from the shore of an European state previously possessing colo- 
nies in North America must be accepted. It cannot have occurred from England, 
when Banks reported its non-occurrence in all parts of Europe; this may apply to Eng- 
land. Holland and Belgium we may justly omit. Ou the other hand, not only the 
long existing occurrence of the insect in southern France speaks for the introduction 
from the French coast to the once so oxtemded possessions of the French in North 
America, but also the comparatively short distance, vrliich facilitated the introduction 
of infected straw, thus enabling the insect to issue alter arriving. 

Wagner then quotes the slatement made by Fitch, which we will 
quote direct from Fitch himself, as follows : 

We have nowhere met with but one statement, which goes directly to prove that 
the insect is indigenous to this country, or existed here anterior to the arrival of the 
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Hessian troops. Tlie late Judge Hickock, of Lansingburgh, N. Y. in a communication 
to the Board of Agriculture in the year 1823, and published in their Memaira (vol. li, 
p. 169), says, respectable and observing farmer of this town, Col. James Brook- 
ings, has informed me, that on his first bearing of the alarm on Long Island, in the 
year 1786 (doubtless 1776 is intended), and many years before its ravages were com- 
plained of in this part of the country, be detected the same insect, ujion examining 
the wheat growing on his farm in this town. 

Wagner then adds that he will not deny the possibility that, as Pitch 
presumes, the insect observed by Colonel Brookings was not the Hes- 
sian Fly, but he adds that the attacks of the latter are highly character- 
istic, and in their consequences so conspicuous, that a mistake concern- 
ing the insect could happen only during its first appearance in a locality. 

In our country [Hesse-Cassel], for instance, after but one yearns experi- 
ence, every farmer knows the pseudo-pupm of this enemy ; he knows 
exactly how they look, when they occur on the stalk, &c.” 

It may also here be stated that Dr. Mitchell, in his article in the 
Encyclopaedia Britannica, says, “ It was first discovered in the year 1776.” 
Dr. Hagen’s statement would leave the reader to infer that Dr. Mitchell 
had stated that the fly had appeared in 1776, “before the arrival of the 
troops,” but the words in quotation marks are simply Dr. Hagen’s own 
words. We have not seen the edition of the Encj’^clopmdia Britannica 
containing Mitchell’s article. What Mitchell did say in substance was 
that the Hessian Fly apx>eared in 1776. Whether before or after the 
landing of the Hessian troops he does not say. So the evidence of Dr. 
Mitchell is not of much value, while that of Colonel Brookings is quite 
explicit, and may be used as proof of the appearance of the Hessian Fly 
in 1776 in Lansingburgh, H. Y., and that the Hessian troops had noth- 
ing to do with its importation. 

Dr. Hagen, who adopts Wagner’s opinion that the Hessian Fly was 
not imported by the Hessians, and whose article is based mainly on 
Wagner’s publication, which we may here say was unknown to us until 
he called attention to it, also confirms Wagner’s statement that the 
Hessian Fly was unknown in Prussia, and indeed in Germany, until 
1857. He states also that “in 1859 the same insect was very obnoxious 
to the rye in Eastern Prussia, and was studied by myself. In 1860 it 
had advanced westward to Augsburg, where it was studied by Professor 
Eosenhauer, and to Fulda, Hesse. Everywhere it was considered to 
be an entirely new peat, never seen or observed before. * * • In 
the following years the calamity subsided, and was soon nearly forgotten. 
Extensive destructions in Hungary in 1864 are reported by Messrs. 
Haberlandt and Kuenstler, and in 18.79 in Eussia. I find no statements 
of injury done by the fly in Germany after 1860, and the reports for 
Bohemia for 1872 and 1879 state directly that the fly was not observed. 
Dr. Schiner, in Vienna, had till 1864 seen no specimen; the best proof 
that it had not been obnoxious in Austria.” 

o . 

Troy, in BenHselaor County. 
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On the same page of this article Dr. Hagen remarks as follows: 

Mr. y. von Motschulsky describes Id 1852 a fly very obnoxious to the wheat in the 
goyemments of Saraton and Simbirek, in Rusland [Russia], as (7. funesia^ together 
with its parasites. I may add that von Motschiilsky, after his return from America, 
and having received typical specimens of the Hessian fly and its parasites from Dr. 
A. Fitch, has assured me that C. funesta and C. destructor are the same species. This 
is also accepted in von Osten Sacken’s catalogue. 

In the appendix we present a translation of Professor Colin^s re- 
searches on the injuries committed by the Hessian Fly in the summer of 
1869 in Silesia. 

•Desirous of obtaining specimens of and information concerning the 
European insect, wo wrote to several entomologists in Germany and 
Austria. From Prof. Ferdinand Cohn, of the University of Breslau, we 
received the following obliging letter, which throws mucli light upon the 
subject. The specimens he sent us were duly received. On comparing 
the ten German puparia with numerous specimens from the Middle States 
we can find absolutely no varietal difference between them, either in the 
form of the segments or in the form of the puparium at either end. We 
have not up to the time of reading proofs of these pages again heard 
from Professor Cohn j and careful comparisons between the European 
and American examples of the larva, pupa, and imago of the Cecidomyia 
destructor have yet to be made. 

The following is a copy verbatim of Professor Cjphn’s letter which was 
written in English : 

Bkeslau, February 28, 1882. 

Deak Sill: 1 regret that 1 am not more in the possession of spcciuicus of the Ccci- 
domyia which I did meniioii in my Untersuchnngen iiber Insekteuschadeu in 1869. If 
my memory does not deceive me, I sent the fly lo Professor Loew, with whom I was 
corresiionding in that time about the matter. The only specimen of an injured wheat- 
stalk I can And in my collections contains also a puparium, and 1 beg to send it to 
you in the accompanying parcel. In the same box 1 inclose the only remains of the 
female fly which 1 still possess, the rest being destroyed by Psocus. In 1880 I had 
upx)ortunity to study a second time the damages of this fly. A seed-merchant in a dis- 
trict not far from Breslau ( Jrebnitzer Kreis) had sold to the farmers seed of English 
wheat (Weehselweizen) which is believed to grow with equal ease as summer or as 
winter corn. The farmers had sown the seed in autumn, 1879, but in the following 
spring the wheat had grown sick aud did not produce ears. April, 1880, from the 
15th to the 23d, bad been extraordinarily warm ; on the 24th Ax^ril the thermometer 
began to fall ; the end of April to the midst of May were cool j from 14th to 16th May 
few mild and sunny days; then a series of very rough and unusually col(^ days fol- 
lowed (17th-25th of May) ; on the 20th frost, which did injure the fields in whole 
Silesia. Summer wheat had not been injured by this weather ; I found the fields of 
that variety in the first days of August in the finest growth. But the English Weeh' 
selweizen sown in autumn, 1879, had shown the most manifest sickness, the shoots being 
very numerous, but low, yellow, and without or very rarely producing ears. Nearly 
in all the shoots 1 found on the bottom of the stalks the larvse of the ])upfls or that 
Cecidomyia which I believe to be C. fesiructor or Hessian fly ; larvae were found still 
in the beginning of August. 

The enormous damage in that country is due, 1 believe, to the Hessian fly, the eggs 
of which had been deposited in autumn, 1879, upon the youfl^ crop. The first gener- 
ation of flies had swarmed out, I suppose, in the second half of Ax>ril, favored by tho 

u®1b not practicable. [This was therefore not sent. — A. S. P., jr.] 




238 BEPOBT UNITED STATES ENTOKOLOOICAL COMMISSION. 

extraordinary warmth of that period; the cold May had retarded the growth of the 
crop, so that the larrsB of the second generation growing in the young stalks did 
totally destroy the germs of the ears ; had the spring been warmer, the shoots would 
have grown out the damages of the dy ; now most part of the sprouts had been killed. 
That at least is the explanation 1 may give to the facts. 

I collected some pupm in the wheat field on 3d of August, which I put in a small 
glass; but none crept out, some being killed by fungi and some by Pteromalinse.^'^ 
Nevertheless, I send you the glass. 1 fear the communication I send you to-day will 
not suffice for the determination of the species ; next summer I shall attend to the 
matter, and I hope to be able to send you fresh specimens, which may suffice to decide 
the question. 

Meanwhile I remain, yours very respectfully, 

FERDINAND COHN. 

It will also be seen by the translation of Koppen^s article (see ap- 
pendix) that in 1879 and 1880 Cecidomyia destructor was distributed 
over a great part of middle and Southern Russia,’’ and it seems proba- 
ble from his statement that as early as 1852 it was abundant in the dis- 
trict of Charkow. 

From all the information we ha ve before us, and in the light of Wag- 
ner’s investigations, we are strongly disposed to believe: 

1. That the Hessian Fly had appeared in the eastern United States 
before the Revolutionary war, and that it could not have been intro- 
duced by the Hessians. 

2. That the Hessian Fly has never been known to inhabit England 
or northern Europe. 

3. That it was not known in Gennany before 1857. 

4. That it has “ from time immemorial ” been an inhabitant of wheat 
fields on the shores of the Mediterranean, in Spain, at Toulon in France, 
at Naples, in Minorca, and Asia Minor. 

5. That it probably originated in this region or farther east, the prob- 
able original habitat of the wheat and other cereals. 

6. That it was introduced from southern Europe, either southern 
France or other Mediterranean regions, perhaps Asia Minor, before 
the Revolutionary war. 

That the Cecidomyia destructor originated in southern Europe and 
western Asia, i. e., about the shores of the Mediterranean Sea, seems 
most probable from the statements of Herrick and Dana which we have 
quoted. From this region it has possibly spread into Germany \ and 
from Asia Minor and perhaps southern Russia it has probably spread 
into central Russia. 

We are, then, disposed to adhere to Wagner’s conclusions that the 
insect could not possibly have been indigenous in Germany ] and we 
are therefore unable to agree with Dr. Hagen that the Hessian Fly is 
<^an indigenous American insect,” and that it was indigenous here as 
well as in the Old World.” 


Professor Riley has suhnitted specimens to Mr. L. O. Howard, who writes ns as follows: *'The 
Enropean Hessian fly parasite received from Professor Cohn is a Platygaster, but as this gonns has not 
been worked np systematically in Europe, and as tiiere are scores of isolated descriptions, it is practi* 
cally impossible to determine it specifically.'’ 
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It seems to us that the fact that the fly has never been known to oc- 
cur in England, Scandinavia, Holland or Belgium, and the fact that it 
most probably was introduced into Germany and central llussia from 
the southward, i. 6., the Mediterranean region, shows that the fly was 
not originally a member of the entomological fauna of northern and 
central Europe. Had the Hessian Fly been indigenous to the Middle 
and NTew England States, and been at all prevalent before the Revolu- 
tionary war, it would undoubtedly have been carried in loads of wheat 
to England. A search through the files of old Philadelphia papers in 
the National Library at Washington, while it failed to reveal any data 
regarding the presence of the Hessian Fly in the colonies before 1770, 
and no articles were found other than those already cited by Dr. Fitch,^^'' 
yet elicited one interesting fact, L e., that wheat was raised in Canada 
and the American colonies and exx)orted to England, especially the port 
of London. Grain vessels loaded at Quebec, and also from New Eng- 
land, for Loudon"® and other ports. 

Now if the Hessian Fly had been indigenous many years before 1776, 
in the wheat-fields of this country, some at least would probably have 
been carried in loads of grain to England. On the other hand if the 
Hessian Fly had been indigenous in England and northern Europe, it 
would doubtless have been brought over to this country some years 
before the American Revolution. On the other hand it may have been 
imi)orted into the French colonies in Canada from southern France, by 
immigrants. Whether there ever was much of a trade between the Med- 
iterranean ports and Canada before the Revolutionary war we cannot 
say. But it would seem most probable that the Hessian Fly was an in- 
habitant originally of a warm and dry country, like that of the Med- 
iterranean region. We know that the Cecidomyia destructor does not 
inhabit England or Scandinavia. In New England, north of Connecti- 
cut, it is not common, and has only occasionally been locally destructive. 
Its ravages have been confined to the Middle and Western States, and 
western Canada. A comparison of the history of the Hessian Fly with 
that of the Wheat Midge, Diplosis triticiy which as everybody knows 
is common in England and throughout northern Europe, and was un- 
doubtedly imported into this country, will throw light on this subject. 

The vriter has made an attempt to find some mention of the Hessian Fly in old colonial newspapers 
ipnblished before 1779, but the dies of the Philadelphia Packet and of the Mercury in the National 
Library, which are imperfect, disclosed nothing that Fitch docs not quote. There are no flill flies of 
•colonial papers in the Boston and Cambridge libraries, and it is probable that unless in the State 
library of New York, at Albany, tliero can no records be found of the Hessian Fly, other than those 
referred to by Dr. Fitch. 

lit "On Friday last arrived In the river [Loiidoil] from Quebec, the Active, Trampton, with a cargo of 
wheat, being the first vessel that over came to London from that port with grain. London, October 
18.”— IVowi the Pennsylvania Packet, December 27, 1773. 

Tn the Philadelphia Mercury, for OctobBr 7, 1775, it is statod that ” groat quantities of wheat were 
raised at Genoa, Leghorn, and on the Mediterranean. * • * This year there was one of the most 
.plentiful harvests in Italy ever known.” 

The ports of London, Bristol, and Liverpool, as well as every other f>ort in England, have received 
•Immense supplies [of wheat] from America, much more than their consumption can take care of.— 
£<ztract8 from a loiter dated October 7, 1775, from an eminent house in Lisbon.— Mercury, 
December 22. 1773. 
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As stated by Drs. Harris and Fitch, the Wheat Midge was abundant 
and widespread in England several years previous to 1771; it was com- 
mon in Scotland and Ireland, and according to Herpin it abounded in 
France. It is undoubtedly a native of northern Europe, and adapted 
to a cool and moist climate. There is every reason to suppose that the 
Diplosis tritici was not a native of this country, but was imported in the 
beginning of this century from Great Britain into either Canada or Few 
England. Harris states that it first appeared in this country in west- 
ern Vermont, in 1820; by 1828, it had attracted notice in northern Ver- 
mont, and on the borders of Lower Canada; from these places it over- 
ran Few England, Few Brunswick, and Fova Scotia, also extending 
west. It has from the year 1834 been the chief wheat pest in the cooler 
portions of Maine, fiourishing where the Hessian Fly is comparatively 
or wholly unknown. 

It seems to us that the history of the two insects shows quite conclu- 
sively that both are European importations; the Wheat Midge from 
northern Europe, and the Hessian Fly an earlier importation from the 
Mediterranean wheat fields, and which flourishes therefore better in the 
warmer regions of the United States than the Wheat Midge, a native 
of northern Europe. 

ITS DISTRIBUTION IN NORTH AMERICA. 

Introduced, then, by causes unknown, into Few York and Long 
Island, the Hessian Fly gradually spread over the wheat area of the 
colonies, and afterwards of the United States, enlarging its limits of 
distribution with the corresponding increase in the extent of the wheat 
area of our country. 

It spread more rapidly at first towards the eastward, nearly to the 
end of Long Island and to Shelter Island. As Havens remarks, “ It was 
first perceived a little before harvest, and appeared to have come from 
the west end of Long Island in a gradual progress of between twenty 
and thirty miles a year.’^ 

In ten years after its first recorded appearance in America it reached 
Prospect, F. J., about forty miles southwest of Staten Island, and in 
1788 it was noticed at Trenton, F. J., and in Pennsylvania. Undoubt- 
edly, had there been railroads at that time, with the rapid transit of 
g|;ain‘Cars and bales of hay and straw, it would have spread at least 
with three times the rapidity of its recorded rate of diffusion. 

In 1789 the fiy first reached Saratoga, a point situated 200 miles north 
of its original point of departure. <<7he insect reached here by a reg- 
ular progress from the south, coming nearer and nearer each successive 
year.^’ ^ 

It appeared west of the Alleghanies in 1797, though in what State we 
are unable to learn; while Virginia was invaded in 1801, and Forth 
Carolina about the y^'ar'1840. Westward its progress brought itte 
Ohio in 1840, and three years later it was detected in Michigan, la 
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|$44 it was destmctive in Ohio, Indiana, Illinois, Michigan, Wisconsin, 
atid the eastern border of Iowa; while it was common in the Middle At- 
lantic 'Stsites, and became destructive in northern Georgia in 1845. 
Meanwhile it had reached western Canada in 1805. iforth of Ooniieo- 
ticut it seems to have existed only sporadically, and to liave maintained 
only a temporary foothold in Vermont and Maine in lS50-’52, and has 
n^ever been noticed by authors in Xew Hampshire or in Massachusetts."® 
,^&nesota was visited iu 18(50, and probably earlier. In Beverly, Mass., 
i^was common iu wheat fields iu 1877. 

It must have reached Missouri, Arkansas, and Texas loug previous 
to the date given in our table, but probably the year it entered eastern 
Kansas (1871-^72) is not much posterior to its arrival there, at present 
its westernmost limit. 

• The following facts regarding the occurrence and distribution of the 
Hessian Fly liave been obtained since the publication of the original 
Bulletin. The map appended to this report will show its present range 
in the United States and Canada: 

TIIK HESSIAN FLY IN MAINE. 

The only authentic information \ve have been able to gather as to 
the occurrence of this insect iu Maine is what we ]i*arncd from Mr. 
William Alexander, of North Harpswell, Me., who told us that on his 
farm (then liis lather’s) between forty and fifty years ago, in one stiring 
the spring wheat sown irom the 10th to the 15th of April was affected 
by a maggot between the leaf and the stalk, which caused the young 
wheat to turn yellow. 

THE HESSIAN FLY IN MASSACHUSETTS. 

Neitlier Dr. Harris nor any other entomologist has noticed in print 
the occuiTTince of C. dealructor in this State. It lias jirobably oeenrred 
there in limited numbers since 1850, when it was observed in Danvers, 
by Rev\ John L. Biisscl, who ])ointed it out to Mr. John Lears in June, 
1S50. Mr. Lears has seen it in wheat occasionally since then. In or 
about the year 1877, specimens ()f wheat, at least a foot liigh and con- 
taining thopuparia, ^Yere brought tome, June 10, from Beverly, Mass. 

THE HESSIAN FLY IN VEKMONT. 

The Vermont Chronicle for 1820 reconls the occuiTeiico of this insect. 

THE HESSIAN FLY IN NEW YOHK. 

It appeared iu Washington County in 1830. — [iS'aZc’wi (N. Y.‘) Post. 

H®Sir Joseph Banks drew up a report on this insect for the Privy Coniieil, daled Marcii 12, 1781). ITo 
states that since its first ai>x)(;aranco in Long IhIuuiI it hu.s advanced at the rate of fifteen or twenty 
miles a year, and neither waters nor mop^tain^ liavo impeded its TO'ogreHS. It was seen crossing the 
Delaware like a cloud from the Falls Tow'nsliip to Wakefield ; had iv.arlied Saratoga, 2i)0 miles from its 
first appearance, infesting the conn tie^'pC.Middlo 80 x, Somerset, Uuntingtou, Morris, Sussex, the iiolgh* 
liorhood of Philadblphia, all the whoaf^^phpties of Connecticut, &e., coinmifting the most dreadful rav* 
pges, attacking wheat, rye, baHey, an jtlinolliy gmss. The Aniericaiis who have suffered by this insect 
. spbWkof it in terms of the greatest hon'or.”— Dobson's £ncyclo])cdla, viil, art. Ilesslau Fly. 

' 16 E O 
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THK HESSIAN FLY IN MARYLAND. 

It appeared in Maryland in 1830 . — [Easton Oazette* 

THE HESSIAN FLY IN NORTH CAROLINA. 

The Hessian Fly occasionally does considerable damage in Burke 
County. — [11. K. Morrison. 

Prof. F. W. Sirnonds, U niversity of North Carolina, writes us (January 
12, 1881) that he cannot learn that the Hessian Fly is in the neighbor- 
hood of Chapel Hill. 

THE HESSIAN FLY IN MICHIGAN. 


Galkshurg, Mich., December 1, 1880. 

Dear Sir : Your note of the S lfcli of Novemln^r is just at liiiiul. I have a few larvae 
and pupa) of the Hessian Fly in iilcohoh taken last year, which I will send. Will send 
living ones in the plant as soon as ooension offers. At present the ground is covered 
with a foot of snow. During the past season tho fly has done no appreciable damage 
in this portion of tho State. Hardly any of the larva) and pnp.'B were to he found in 
the wheat sown this fall, though in Holds whore the ground had been plowed to stubble 
in wheat, and wheat had come up in August, I fonnd some of the larva.*, but not in alnin* 
dance. I have neither seen tho parasito Semiotellua deatruclor nor any indication of its 
presence in the larva) of the fly. During the siiiiimor I have discovered anew — to 
me — insect at work in tho wheat, which is nearly allied to tho Hessian Fly. Owing to 
its being a very busy season I did not oven rear tho insetd- to the ])erfect imago, and 
only observed it in the larva and pupa state. Have regretted tliat I did not take 
more time to attend to it. I should judge that the lly de))osite(l the eggs near the 
base of the stem, and that the insect, on hatching, worked into the stem to the center 
of the plant, and then uiiward through the third or fourth joint, living upon the juices 
in its progress, and when almost fully grown eating tlirongh tho stem just above tho 
joint; then fixing itself in tho sheath, as does the Hes.sian Fly, to the lower joint, it 
undergoes gradually tho change to tlie chrysalis. These are of a deep eliostnut color 
about three-fourths the size of those of the Hessian Fly, and not more than three of the 
insects were found by me in one stalk. The stem of tho plant, being weakened by the 
insect, breaks off just above the joint, and belaw tho spot where tho xmpa is, just before 
the heads mature, usuiilly, though some lieads were partly filled with small, defective 
kernels. The insect seems to confine its operations to red wheat, and the Fultz va- 
riety w'as tills season damaged the most. 1 did not find a single one on the Clawson 
wheat, wliile some fields of Fultz wheat had about oiie-fouith of tho stalks damaged. 

Very truly yours, 

F. S. SLEEPER. 

A. S. Packard, Jr. 


Tho fly has made sad havoc in the wheat-fields of southwestern Michigan. Fields 
that looked lino a few weeks ago are fully one-half destroyed . — Providence Jour naif 
. December 6, 1881. 

Galesburg, Mich., December 1881. 

Dear Sir : Your note of the 20th of Seiitember was duly received, requesting me 
to collect the eggs of the Hessian Fly, with a view to obtaining egg parasites of the 
fly. I have been very busy this fall, and could not give it the time when it ought to 
have been given. Yet on several occasions I have spent some time, and, with the 
most diligent search, have seen the fly only on one afternoon, and then in few num- 
bers, and have failed to find any of the jinpa oi flaxseed. What is the reason for the 
scarcity I do not know. We have had a very unusual season, long droughts alter- 


nating with excessive rainfalls. 
Truly yours. 


Will try in the future to comply with yonr request. 

FRANK S. SLEEPER. 


A. S. Packard, Jr. 
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THE HESSIAN FLY IN TENNESSEE. 

. Charlotte, Tenn., A’orcwiW 1, 1879. 

Dear Sir: The following are the answers, as far as 1 am able to give t^em, to tho 
questions in your circular No. 8, United States Eiitoniological Coininission^ 

Question No. 1. Dou*t know ; have no inforuiatioii. \ 

Question No. 2. The ily ax3pcars in October and November in the lull, anil in AQjril 
and May in spring. > 

Question No. li. The Ily has been known hei’e for a long time; in 1878 it di^I great 
damage; doiiT know liow it was introduced. 

Question No. 4. DoiiT know how many broods or generations are observed aiiuViilly* 
The plants are dwarfed in the fall, ami fail to i>rodueo grain at harvest . 

Question No. b. The Mediterranean, Red ChalV, Red May are less liable to be (Tvaiu- 
aged by the Hy than any w-o have tried; don’t know in what other centals or gratWs 
the insect is known to develop. i 

Question No. (i. Warm, dry fall favors its injuries. Seasonable weather in the tiMll 
and a vigorous growth prevent the ily. \ 

Question No. 7. I know nothing as to this question ; the last crop was clear of the Ily.' 
Have made no experimeiits. \ 

Question No. 8. I have no data by which to answer this question. \ 

Question No. 0. The best i)revcniivc foiiiulhere is to pasture the wlie.'it eloso in tho 
winter with sheep. Hnriiing the d6bris on the groniul in the fall is also resorted to, 
and does good. 1 have no specimens of wheat aliccted by tins maggots. 

Respectfully, 

ROHKirr McNKILLY, 
CharlottVf Divkson Counitff Tenncme, 

A. S. Packard, Jr. 


1. In Ajnil and May. 

2. in early autumn, at and before seeding and warm weather ; iu winter and early 
spring. 

3. About 55 or (iO years since w as beard of iu New Eiiglaml before apiiearaiicc licre, 
.and is supposed to eoiiie from that direction. 

4. Eggs are deposited soon after wheat is up, and thereafter as the weather is mild 
and not wet. Damage not strikingly jiiaiiifest until spring and eaj’ly after. 

5. It is not clear that any variety is less likely to snlfi'r injury tJian otJiers. No 
other cereals or any grasses are know'u to he subjects of its dei»re.dation8. 

6. Dry, warm .w’cutlier favors its injuries; frosts (before, which it is not safe to sow) 
check the egg deposits, and heavy freezes retanl their develoinnent. 

7. None troubled my crop this 8eu.son, and I could make no examinations. 

8. I hear of iicighbijrhoods where tho loss from Ily is t‘.stiimited at 25 ]»er cent. Their 
attacks are not at all general, and some years not any whatever. Their injuries aro 
less frequent of late years, and Jiot so all-pervading as tlicy were ninny years iif the 
past. 

9. Some contend that grazing with sheep destroys the eggs, but the fancy is not 
as convincing as that the wheat receives a greater injury. Sowing at or near frosts 
is the only preventive that has general accexdatioii. 

Very respectfully, 


EPH’M LINK, 

Greenville^ Greene County, Tcnnesdce, 


THE HESSIAN FLY IN NEBRASKA. 

West Point, Nkbr., February 23, 1881, 

I will now send you what data I have thus far been able ^ gather relative to the 
Hessian Fly (Cecidomyia destructor) in Nebraska. 

Indlvidnally I have seen but few of the fly. 



244 BEPOiT TTNITEP eXATBS ENTOMOLOiGFICAZ. COMMISSION. 

The greater number of notices of their existence in the State are based 6u Pro- 
fessor Aughey’s notes of. specimens received for identification from time to time. 

Prior to 18G7 the Hessian Fly seems to have been absent from Nebraska, but during 
this year spec! mens were received from Cass and Otoe Cniiiities, where they Avere no- 
ticed in wbeat-ficlds doing some damage to some of the stalks. They w'ore few in 
number and only in isolated spots in some fields. Tlie following year they had be- 
come more general in lliose two counties, but not in sufficient u limbers to cause un- 
easiness. In 18f)9 they had spread into Sarpy and Douglas Counties. 1872 extended 
their range into Daiicaster, Seward, and Saunders Counties. They were also sent 
from York County this year, wlioro they were taken in a field of win ter wheat. Both 
eggs and larvm were sent. 

During 1873 they did not seem to spread to any great extent ; but in 1874 they 
inade their appearance in Pawnee, Gage, and Kichardsou Counties. In 1876 they 
^ were received from various counties in southeastern Nebraska, where they did some 
damage in isolated localities, but not of sufficient note to cause alarm. Since that 
time they have been regularly received each year from various portions of eastern 
Nebraska. Of these no notes have been kept, but it is known that they have been 
fiproading, and if not soon checked will cause not a little uneasiness among grain- 
growers. 

LAWKKNCE BUUNEK. 

May 23, 1881. 

/Some time ago yon requested me tocoutiiiiio my investigations with reference to 
lie Hessian Fly and report. Well, I have been over a consideraljle portion of the 
country bowlering the Missouri River north of the Platte simjt; grain is up, and have 
also made inquiries Avith reference to viirious sections south. Thus far but /cir of 
the flics ar#rcportcd— the only substantial record being near Inn coin by Profe.ssor 
Augbey . Ho was out collecti ng a few Coleoptera and saw several dozen stal ks of wheat 
sufi'ering from its attacks. No other locality, as far as I am aw^are at lu-esont, has 
been visittMl this season. Of course it can hardly bo doubted but that a few of last 
year’s stock of flies withstood the rigors of the past winter; ami it is my opinion 
that by careful search a few might bo found tliroughout the entire area ravaged by 
them last season. (I do not ni(‘aii by this that this insect w'as at all destructive the 
past year, but that it was present and did some damage.) But to make this sort of 
observations would require some little time and cause some expense; hence, no par- 
ticular person desires to take it upon himself to do so. 

I have interviewed Professor Aiighey in reference to causes of its seeming scarcity, 
and ho thinks that the ice and snow' which remained on the ground, the entire win- 
ter have had something to do with it. 

LAWRENCE BRUNER. 

SUMMARY OF THE HABITS OF AND REMEDIES AGAINST THE HESSIAN 
• FLY. 

> 1. There are two broods of the fly, the first laying* tlieir eggs on the 
leaves of the young ivJicat from oarJy April till the end of May, the time 
varying witli the latitude and weatherj the second brood appearing dur- 
ing August and tlie early part of September, and laying about thirty 
eggs on the leaves of the young winter wheat. 

2. The eggs hatch in about four day$ after they are laid. Several of 
the maggots or larvaj make their way down to the sheathing base of the 
leaf, and remain between the base of the leaves and the stem near the 
roots, causing the stalk to swell and the x>laut to turn yellow and die. 
By the end of November, or from thirty to forty days after the wheat is 
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sown, they assume the “flaxseed^ state, and may, ou removing the 
lower leaves, be found as little brown, oval, cylindrical, smooth bodies, 
a little smaller than grains of rice. They remain in the wheat until dur- 
ing warm weather; in April the larva rapidly transforms into the pupa 
within its llaxseed skin, tlio lly emerging from the flaxseed case about 
the end of April. The eggs laid by this first or spring brood of flics 
soon hatch ; the second brood of maggots live but a few weeks, the flax- 
seed state is soon undergone, and the antnmn or second brood of flies 
appear in August. (In some cases there may be two autumn broods, 
the earliest August brood giving rise to a third set of Hies in September.) 

3. There are several destructive ichneumon parasites of tlie Hessian 
Fly, whose combined attacks are supimsed at times to destroy about 
nine-tenths of all tlie flics Imtchcd. Of these, the most iinimrtant is the 
Chalcid four- winged fly (iSemioteUns destmetorj Plate IV, fig. i, much en- 
larged), which infests the flaxseed ; and and the small parasite (Fluty- 
gaster. Fig. 9, p. 219, ante), 

4. By sowing a part of the wheat early, and, if affected by the fly, 
plowing and sowing the rest after September* 20, the wheat crop may 
in most cases be saved. It should be remembered that Uuhjlmt brood 
should be thus circumvented or destroyed in order that a second, or 
spring, brood may not appear. 

5. If the wheat be only partially affected, it may bo saved by fertilizers 
and careful cultivation ; or a badly-damaged field of winter w^ieat may 
thus bo recuperated iu the spring. 

0. Pasturing with sheep, and consequent close cropping of the winter 
wheat in November and early December, may cause many of the eggs, 
lurvtc, and flaxseeds to be destroyed ; also, rolling the ground may have 
nearly the same effect. 

7. Sowing hardy varieties. The Underhill Mediterranean wheat, and 
especially the Lancaster variety, which tillers vigorously, shoiikl be sown 
iu preference to the slighter, less vigorous kinds in a region much in- 
fested by the fly. The early (August) sown wheat might be Diehl ; the 
late sown, Lancaster or Clawson. 

8. Of special remedies, the use of lime, soot, or salt may be recom- 
mended, also raking off the stubble; but too close cutting of the wheat 
and burning the stubble are of doubtful use, as this destroys the usbful 
parasites as well as the flies. 

LIST OF WORKS AND ARTICLES RELATING TO THE HESSIAN FLY. 

The following list embraces the most important writings relating to 
the Hessian Fly. The titles of mafjy of them are taken from Fit(Jh^s re- 
port and the bibliographical list iu Bergenstamm and Loew^s Synopsis 

Cecidomyidarum : * 

l^UHAMEL. El6ment9 iVAgriculture. Par Dubamel dii Mouccau. Paris, 1771, i, p. 

m ^ • 

MoUGAN, GjcoaTiE. Peimsylvauia Mercury, Juno 3, Sept. 14, 1737. 

Clark, Tuomas. Peunsylvania Mercury, Sept. 14, 1787. 
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Yaux and Jacobs. Philadelphia Packet, Aug. 21, 1788 . • 

Havens. Observations the Hessian Fly. By Jonathan N. Havens. Transactions 
of the New York Societjf for the Promotion of Agriculture, Arts, and Manufactures, 
1792. Second edition, ]$01, pp. 71-86. 

Chapman, Dr. Isaac. Memoirs of the Philadelphia Society for Promoting Agriculture, 
V, 1797. 

Encyclopaedia BjaTAN 2 ;iCA, viii. Article Hessian Fly, pp. 489-495, 1797. 

Dobson. Encycdoinedia; or aDictionary of Arts and Seiciices and Miscelliineous Liter- 
ature. Article Hessian Fly. Published by Thomas Dobson. 21 vols. Philadelphia, 
1798-1803, viii, pp. 489-49"), 1798. 

Mitchell. Kneyedopicdia Uritannica. Address in Transiictions of the New York 
Society of Agriculture, i, i>. 32. Articdo in Medical Rejiository, vii, p. 97, 1803. 

Anonymous. Carey’s Ann'i-ican Museum, Phila., i, pp. 143, 324-326, 1786; iv, p. 47, 
1788; xi, pp. 285, 301, 1792. 

McLellan. Article in American Farmer, by H. McLellan, ii, ]). 234, 1804. 

JCiRBY and Spence. An introduction to Kntomology, by W. Kirby and \y. Spence. 
a815-’20, i, p. 50. 

Bose. Quelqiies apiKir^iis siir I’inaecte connu sons le noni de M«)nclie Messoise, ct sur 
nil ijisocto parasite qni s’en nonnit. Par L. A. G. Bose d’Antic. Annates de PAg- 
ricnltk, France. Tom. 70, ]»]». 277-303, 1817. 

Say. Some account of the insect known hy the name of Ih'Nsian Fly, and of a p.ara- 
sitio insect that feeds on it. By Thomas Say. Jonrnal of the Atuidemy of Natural 
Sciences, i, 2 »p. 45-48, with a plate, 1817. See also Maga/iuo of Natural History, 
vol. i (Kirby), 

Agkebly. An account of the wheat insect of Anieric.a, or the Tipnla rafflnaUsi tnlivi , 
commonly called! lie Hessian Fly. By Samuel Aekerly. American Monthly Maga- 
zine an^Critical Now York, i, ])]). 275-279, Angnst, 1817. 

Cocke. Address byjoiin H. Cocke to Alhemarle Agricultural Society of Virginia, 
1817. 

Merkiweatheu. Articles, by Dr. Merriwoather and others, in the Richmond Inquirer, 
National Inteliigcuicer, and American Fanner, 1817 ctseq . 

Garnett. Article by Janies M. CJaruett in the American Farmer, ii, p. 174, 1820. 

Tjlghman. Article by Edward Tilghmaii in Hi® Anicricaii Farmer, ii, p. 235, 1820. 
Also in Cultivator, viii, p. 82, May, 1811. 

Worth. Article by James Worth in American Farmer, ii, p. 180 , 1820 . 

Hickok. Essay by Judge Hickok in Moiiioirs of the New York Board of Agrieultnre, 
pp. 169-171, 1823. 

Birnie. On the efiicacy of certain steps to p;'e.sorvo wheat from the fly and smut (Hes- 
sian Fly). By C. Birnie. Now England Farmer, iii, ]>. 171, 1824. 

Buel. Paper by Judge. Bind in the Memoirs of the New York Board of Agrieultnre, 
iii, pp. 326-3.38, 1820. 

Westwood. Article Cecidomyia, l>y J. O. AVestwood, in British Cyclopaedia of Natural 
History. 

Koi.lar. Nat uige.s(dii elite dcr .schadliidnm Jnsecteii in Bezng auf Laiidwirthscliaft 
nnd Forstknluir. AVie-n, 1837. English translation by J. and M. London, with 
notes by J. O. AA^estwood. London, pp. 118-123. 

Morris. On the Cmdomi/Ui desirnctorj or Hessian Fly. By Margaretta H. Morris. Pro- 
ceedings of the Academy of Njitiiral Sciences of Philadelphia, i, pp. 66-68 1841 ; iii, 
p, 238, 1847; iv, p. 194, 1849. Transactidns of the American Phil. Society of Phila- 
delphia, scr. 2, viii, jip. 49-51, 1843. 

Coates. Remarks on tlio Present State of the l^vidence in regard to the Hessian Fly. 
By Benjamin II. Coates, M. D., 1841. 

■ ■ . ■ . Note on the natural alliances of thogenu.s Cecidomyia, inl^nided to facilitate 
identification. By Coates. Proceedings Acad. Nat. Sci. Phila., i, pj), 191-192| 
1812. • 
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Coates. On some larym in wheat stalks. By B. H. Coates. Proceoilin/{s Acad. Nat. 
Sci. Phila., i, pp. 45, 54-57, 1842. 

Bergen. Remarks on the Hessian Fly. By Garret Bergen. Cnltiyator, viii, Albany, 
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to Dr. T. W. Harris in Entoinological Corresjiondence of T. W. Harris, jind the Con- 
necticut Farmers^ Gazette, No. 40. 
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. Entoiiiologie.'il Concs]K)ndence of Th:id(h*us William llams, M. 1). Edited 
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CHAPTER IX. 


DE80EIPTIOXS OF THE I.ARV.K OF INJURIOUS FOREST 

INSECTS. 

(Plates VUXV.) 

The following (Iesei-ii)ti<)ns w(‘re drawn uj) after the pnblieation of 
our liulletin No. 7, on h'oiest insects; and it is believe<l that these 
notes, and especially the ac.coinpanying illustrations, will ha ve considera- 
ble inactical interest. The drawings have all been made by Dr. C. F. 
Oissler, under the author’s direction, and acjknowledgment should be 
made of the care and pains taken by Dr. Oissler in representing these 
diflicult subjects Ibr illustration. Full references to the tigures are 
given in the explanations of the i)lates. 

Faini ly I> u pukstid ii?. 

THi: FLAT-HEADED AFFIJO UOUEU. 

Chriffiobothris femorata ( Fabrici iis). 

The following di^scription has been drawn iij) from fresh Jilcoholic spec- 
imens, from the localities mentioned in Bulletin 7, ]). 10. 

Prothorax very broad, being broader and flatter and the abdominal 
segments snialhii* inin-oportion than any other borer of this family known 
tons. Head retracted within the prothorax. The disk finely shagreened 
with raised tlots. A narrow inverted V*shai)ed smooth impressed line 
in the middle of the disk, the apex liecoming iirolonged towards but 
finally becoming obsolete at the front edge of the disk ; the arms of the 
V behind not reaching very near the posterior edge of the disk. Beneath, 
is a similar roughened disk, but more regularly rounded-oval than above, 
and with a single straight median swollen im])ressed line, which is a 
little over one-half as long as the disk, but which reaches a little nearer 
the front, than the hind edge. 

2d thoracic (mesothoracic) segment veuy short, considerably shorter 
and wider than the 3d, with an otal slightly rough area on eacli side of 
the median line, the similar area on the 3d thoracic segment being 
larger and united over the m<?dian line. 

The ten abdominal segments of uniform width, being a little shorter 
than broad, except the small 10th segment, whi^h is about two-thirds 
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as wide as the 9th. A pair of irregular rather long patches on each 
abdominal segment above, and a pair of curvilinear impressed lines 
beneath. 

One pair of in eso thoracic aiul eight pairs of abdomiinal spiracles. 

Head a little narrower than the thoracic disk. Clypeiis cprneous, 
square in front, very sliort and broad. Labruin square, a little longer 
than wide, front edge moderately rounded, densely hirsute. Antcnnm 
S-jointedj 1st joint sliort, inembranous, 2d considerably narrower, 3d 
minute, rounded at ti]), considerably sleiiilerer than 2d. Mandibles 
entirely black. Maxillary lobe^2“ short, projecting sliglitl^^ biiyond the 
edge of labium. Maxillary i)alpus 2-jointed, 2d joint not so long as the 
1st is wide, one-third as thick, and extending a little beyond the max- 
illary^ lobe. Labium entire, the front edge not being excavated. 

Length, 22"'*”; breadth of prothoracic segment, 7"'*"; length, 4'"*"; width 
of 6th abdominal segment, 3""". 

Body tlattened, and of the general shape of the imago. The 
antennae seen from above extend to a little behind the outer hinder an- 
gle of the prothorax. The elytra rea(*Ji to the middle of the 4th ab- 
dominal segment. The wings extend as far as the hinder edge of the 
same segment. The 3d pair of tarsi reach to near the middle of the 
6th abdominal segment. Six pairs of ab<lominal spiracles. Length, 
l^nim. breadth, 7*“*". 

In transforming, the eyes, the front of the head, the prothorax, the 
femora and tibia and portions of the sternum and under side of the 
abdominal segments, turn dark tlrst. 

Chalcopiioua, probably 0. viRGiNiOA. PI. VI, fig. 1. 

Comi)ared with Dicerca the head is much larger and better developed, 
while the i)rothorax is of the same size, and the abdomen is fully as 
thick, but rather longer. Protliorax and the V-sliaped mark one-half 
narrower tlian in ChrysohothriH femoraia^ and with no markings around 
the apex, as in Dicerca. The prothoracic disk has very large, coarse, 
transverse, raised linear chitirions points, which are more or less con- 
fluent, forming irregular transverse wavy ri<lgcs. The disk on the 
under side has similar markings, and a single narrow deeply irniiressed 
median line, w'hich extends from the front to the hinder edge. 

Ho roughened area on tlie succeeding segments, but on the niesotho- 
racic arc two remote converging curved lines, and on the metathoracic 
segment are similar lines, which extend nearer the front edge; the 
curved lines inclose a subtrapezoidal ^pace. 

Antenum large and well developed, compared with those of Dicerca 
and Chrysobothris ; 3-joiutcd; the basal joint membranous, 3d joint 
nearly as long as the 2d, and blunt at tip. Labrum rounded on the 
edge, fuller than in Dicerca. Maxilla large and well developed; maxiL 

What ia here called maxillary lobe correepondB to the mala interior ot Sohiddte, De MetamorphosI 
Xlentheratomin Obserrationes. Natnrhistorisk Tidsakria, 3d ser., vol. 1. 
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lary lobe smaller in proimrtion to the base of Ujo maxilla than in Dicerca 
or Ohrysobothris. Palpus 2-join ted; basal joint much larger than the 
maxillary lobe (in Dicerca and Clirysobotliris it is much smaller); 2d 
joint one-fourth as large as 1st, being i)roportioiially much smaller than 
in the above-mentioned genera. Labium much as in the said genera, 
being rounded in front. 

Total length of body, 41“""; length of prothorax, 5""“; brea<lth, 8"""; 
length of the three thoracic} segmoiits together, 8“""; breadth of 4th 
abdominal segment, 4“^'“. 

The hairs on the body are much coarser than in the other genera 
mentioned. 

This larva may be distinguished hy the large head, the well-devel- 
oped antenna), the large maxillm, with the lower joint of maxillary 
palpus small; by the very coai>e and linear markings on the i)rothoracio 
disk above and beneath ; by the absence of rougliened areas or callosi- 
ties on the meso and meta thoracic segments, and by the long, thick 
abdomen. 

The mesothoracic segment is shorter and the meta thoracic is as long 
as in Dicerca. 

Compared witli Jjoev^s figure of the larva of ()hal(} 0 ]»hora (Ent. Zei- 
tung, Stettin, 2ter Jahrgang, 1841, Tab. 1, figs. 1~8) our species difiers 
mainly in the larger chitinous i>rothoracic disk, though the V-shaiied 
mark is the same. In the shai)e of the body, in the 1‘orm of the meso- 
thoracic and inetathoracic segmenls, and the end of the abdomen, our 
larva appeals to be a Chalco]))K)ra. The 1st abdominal ring is longer 
and narrower than in Loew’s figure. Tlie labrum is peculiar in this 
genus, on account of the lateral lobes ; in this respect it rcisembles the 
figure of Loew; while the anteniifc, maxilhe, and labium are nearly as 
he figures them. Uiuha* these (iircnmstances we think there is no reason- 
able doubt but that tliis larva is a (hialcoi)hora, and probably, from its 
large size, C. virginita, which, according to Harris, bores in tlie pine. 

The two specimens described were taken from under tlie bark of the 
Iiitch pine, May 20, Ihovidence, K. 1. 

MELANOriiJLA sp. PI. Yl, fig. 4; Xll, fig. 1. 

Head of moderate size. Antennie very short, 8-jointed ; 2d joint 
much shorter tlian long, ^d very short and blunt, much more so than the 
unknown (si)ruce; genus, or in Clirysobotliris or Dicerca. Ijabrum much 
as in the other geneih mentioned, rather narrow, and moderately full on 
the front edge. Maxillary lobe well developed, with a spine iiointing 
inwards; maxillary paliii with th(\ 2d joint as long as the 1st. Labium 
slightly indented in the iniildlc, but so slightly so that it cannot be repre- 
sented in a figure. Mandiblei^tridentatc. 

Prothorax unusually short, about half as long as broad, the sides 
well rounded; the roughened chitinous disk is very small, not much 
over one-third as wide as the entire segment; it is round, slightly longer 
than broad, inclosing a narrow inverted V, which extends the whole 
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length of the disk. On the under side the disk is subtrapezoidal, widen, 
ing at base, the sides hollowed out^ and narrower than long. The ineso- 
and metathoracic segments nnnsuf^llylong, and of the same size, being 
about two-thirds as wide as the prothorax. 

1st abdominal a little shorter than the 2d abdominal segment; seg- 
ments 2 and 8 of tlie same size, and very full and rounded on the sides. 
The 9th segment somewhat narrower than the 8th, and the 10th is one- 
third to one-half as wide as the 9th. Length 12-19"’"'; in one 12"*"' long 
the prothorax is 1*"'*' long and 2.5'""* broad; the 8th abdominal segment 
about 1.5"**" broad. 

This is evidently a species of Mehinophihi, and differs from the other 
genera mentioned in the short and wide prothoraeic segment, in the 
very small disk inclosing a narrow V, and being trapezoidal beneath, 
while the abdominal s(^gments are very convex, and broad in projxjr- 
tioTi to the protliorax. It may also be identified by the very slightly 
bilobed labium and well developed maxilhe. 

This is No. 2 ‘^unknown Buprcstid larva, on the spruce, p. 228 of 
Bulletin 7, and No. I, j). 241, on the hemlock. 

Flat-headed spuikje uoukr. ( Melamphilaf ) 

In the form and size of the head, prothorax, and boily, including the 
lOth segment, closely like Dicerca, but the sculpturing is decidedly dif- 
ferent. The description of the ])roi)ortions of the prothorax and succeed- 
ing segments of the body in Dicerca will apply to this s])ecie8. The 
prothoraeic disk is, however, ver^" diiferent; it is transversely rounded- 
oval, very regular iii shape, and smaller than the disk of Dicerca; it is 
considerably wider than long, and the sides are well rounded; the sur- 
face of the disk is slightly convex and covered with short linear chiti- 
nous raisc*d markings, which do not, however, form curvilinear lines, 
except in a slight degree on the himler edge, especially in the inverted 
V. The V-shaped mark is much as in Chrysobot hris. The raised mark- 
ings on the disk differ deci<ledly from those of Ohrysobothris in not 
being round <lots, but transversely linear in form. The apex of the V is 
not inclosed in a s(]uare area, as in Dicerca, and the V is much nar- 
rower. The disk on the under side of the prothoraeic segment is much 
as on the upper, the V being represented by a simple median line. A 
pair of mesothoracic stigmata, and eight abdominal i»airs. Head of the 
same size as in Dicerca. Labi um much rounded on the front edge, and 
much more contracted at the insertion in the fleshy clypeus than in Ghry- 
sobothris. Antcnnm with the 2d joint a little longer than in Dicerca, 
the dd joint about one- third as loii^ as the 2d joint, tonientose and 
rounded at tip. Labium longer, fuller, more rounded on the front edge, 
and a little narrower than in Dicerca, the' edge not being notched. It is 
more contracted at base than in Dicerca, and the rudimentary palpi are 
more distinct than in G'hrysobothrisor Dicerca. Maxillm a little slenderer 
than in Dicerca and Ohrysobothris, 3-joiuted; maxillary lobe much 
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narrower, one-third less so than in Dicerca, but not reaching beyond the 
distal end of the 2d palpal joint. The two palpal joints are a little 
longer and slenderer than in Dicerca; 1st joint much narrower than in 
Dicerca, the 2d joint conical at tip, and as long as the 1st is thick. 

Entire length, 20 ; length of prothorax, 3““'; breadth, 5““‘ ; breadth 

of 8th abdominal segment, 

This is not an Ancylocheira nor Anthaxia, according to Perris’ figures, 
but is related to Melanopliila. Unlike the larvie of this genus, however, 
it has no unguiforin spine,” but three equal radiating spines on the tip 
of the lobe, \vhile the ligula is entire. It cannot be a Buprestis ( J5. macu- 
liventris) as it differs from Buprestis (Ancylocheira.) as described by 
Perris, in the entire labium and the much longer labrum as well' as the 
much shorter lobe of the maxilla and in the marking of the prothorax. 

It occurred on the spruce at the. Glen, White Mts., N. 11., and under 
the bark of spruce, at Brunswick, Me., August 27. 

THE FLAT HEADED PEACH AND OIIEURY UOUJiU. 

Dieerea divarieata Say. PI. VI, fig. 2. 

In addition to the (lescrii)tiou given on p. 108 of Bulletin 7, the fol- 
lowing characters may be given. The mouth-parts are as described in 
Chrysobothris femoratay and a drawing could not well show the generic 
or specific differences between Ghrysobothris femorata and D. divarieata 
as regards these parts. They are as described in G, femorata; the labium 
is the same, but with the front edge perhaps a little less full and rounded. 
The maxilhe are perhaps a little fuller. Aiitennm the same, the 3d 
joint minute and roundcKl. On the whole, the auteiime and maxillm are 
a little stouter, and slightly more developed than in G. femorata. The 
labrum is, however, less full and rounded on the front edge. On the 
mesothoracic segment is a transverse narrow chitinous area, while that 
on the metathoracic segment is of a double lunoid shape. The 1st 
abdominal segment has a short, narrow dorsal area, shorter than the 
one on the preceding segment. The lateral linear crescent-shaped im- 
pressed lines are well marked. 

This larva differs from that of Ghrysobotliris femorata in being con- 
siderably larger, the abdominal segments being thicker in i)roportion 
to the prothorax, and also in the style of sculi)turing on the prothorax. 
The ai)Ox of the V is surrounded by a square, deeper- colored area; the 
disk on the under side is divided by a double line, which widens sud- 
denly in front into halves. 

Buprestid under bark t)F Hemlock. PI. VI, Fig. 6. 

The accompanying figure represents a Buprestid larva, nientioued in 
Bulletin 7, p. 241 (No. 4). 

It is 20*”™ in length, and Dr. GisslePs figures so well represent the 
larva, that a longer description will not at this time be needed. 
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Family OERAMBYOiD-ffi. 

Longicorn larva under bark of the Hemlook, 

Plate XII, Fig. 5, re]>re.seiits tlie Longicorn larva mentioned on p 
241 of Bulletin 7 (No. 2), as found in abundance under the bark of 
the hemlock at the Glen, N. II., July 22. 

It is 19'"“ in lengtli; width of the prothoracic segment, 4.5™“. 

Longicorn larva under bark of Hemlock; 

Plato XII, Fig. 6, represents a Longicorn larva found under the bark 
of the hemlock, and mentioned on p. 241, Bulletin 7 (No. 3), as having 
occurred at Bath, Me., July 30. 

The body is remarkably short and thick; as wide near the end as 
across the prothoracic segment. It is 20'""' in length. Mandibles 
rounded; antenine long and slender, 4 jointed; inaxilhe with the lobe 
long, extending as far as the end of the 4-jointed palpi. Labium narrow* 
palpi, large, 3-joiuted. Labruiu small and narrow. 

Saperda on the Willow., 

• 

Plato XT, Fig. 4; XII, fig. 4, represents a larva found by Dr. Watson, 
in the willow. 

It is ^0'"™in length; inothoracic segment 3'"™ wide. A pair of protho- 
racic spiracles, and the usual eight pairs of abdominal ones. Anten- 
lim 4-jointed; labrum as long as broad; niaxilhe with the lobe very 
large, extending far beyond the palpi, which are small and 3-jointed. 
Labium broad and short; palpi short, 3-jointed. Mandibles rounded at 
tip. 

THE LESSER PINE BORER. 

Asemum mocstiini Haldenmn, PI. IX, Fig. 1. 

Prothorax inclined downwards towards the head ; (piite long and not 
very wide, beijig no wider than the inesothoracic and metathoracic seg- 
hieiits, the squarish area, being very long, naked on the basal third, the 
front margin pale brown, chitinous. IMesothoracic and metathoracic Si‘g- 
ments as wide as the prothoracic; tlie metathoracic slightly longer and 
fully as broad as the inesothoracic segment. Abdominal segments ratlua- 
broad, the 2d the shortest, and the 7th tlie longest; the Sth two-tliirds 
as long as the 7th and considerably narrower; tlie 9th one-qnarter as 
long as the 8th and three-tburths as wide; the 10th only seen from be- 
neath, and about two-thirds as wide the 9th, and bilobed at the end. 
On the two liinder thoracic and the 1st abdominal segment are trans- 
verse regular oblong areas bounded by ihi pressed lines; ou segineiits 
2-4 the callosities are narrower, and the anterior side is i>ointed; on the 
Cth and 7th they are ai little longer than broad and contracted posteri- 
orly. Beneath are similar callosities, but the anterior edge is feebly iu- 
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dicated, tlio sides being most distinct. Thoracic feet minute, 3-jointcd, 
small and rather sliort; 3d joint one-half as thick as thes 2d. 

Head: clyi)eus very small, membranous; labrmii small, narrow, though 
longer than wide, and well rounded in front; mandibles solid, thick, 
rounded at tip; antennie 4-joiiited, rather slender; 2d joint about one- 
lialf as long as the 1st and about one quarter shorter than the 3d ; the 
4t h minute, slender, about two-thirds as long as the 3il is wide. JMaxilla'. 
with the lobe rather broad, not very hairy, extending as far as the end 
of the maxillary and labial palpi; maxillary ]>alpus Ijointed; 1st joint 
much shorter than long, llatteued, spherical; 2d subsphtuical ; 3d one- 
half as long as the 2nd; 4th longer than 3il, but only about one-halCas 
thick. IMentum narrow, about one-third as long as wide; ligula long 
ainl narrow; labial i)ali)i 3-joiuted; 1st joint a little longer than thick; 
2d very sliort, spheroidal, a little less than ofie- third as long as 1st; 3d 
conical, considerably longer than the 2d and one-half as thick. 

Length, 12'"*“ ; length of i)rothoracic segment, 2'"*“ ; breadth, 3""" ; 
breadth of 8th abdominal segment, 2.5"“". 

TJIE OAK nORER. 

' I]la2)Mdio7i i)arnllehim JNewinan. PL Vll, Fig. 1. 

The body very closely resembles X, colonus, but is larger and broader, 
especially on segments 7-0, but in general apimaranco is closely similar. 
Prothoracic segment scarcely wider than the mesothoracic, but not so 
much swollen as in Xylotrechiis. The disk is regularly transversely ob- 
long, the sides not convex but straight, the edges in front and on the 
sides brown. The disk is one-half as long as broad ; posterior half free 
from hairs, not so distinctly niarke<l as in X. colonuSj but the longitudi- 
nal irregular i)ale streaks are present. The mesothoracic and metatho- 
racic segments are as wide as the protlioracic, but the mesothoracic is a 
little shorter than the metathoraeic. The mesothoracic segment is di- 
vided into two lateral portions by a scutcl-like, very short and broad 
callosity which is narrow, lanceolate-oval. The metathoraeic segment 
has a similar callosity, but a transverse fleshy ridge is present, not 
found on the mesothoracic segment. Beneath, a callous brown spot in- 
cised in the middle, longer and narrower than those on the six succeed- 
ing segnients. That on the i)rothoracic is niucjh shorter and narrower 
than on the mesothoracie, the latter not divided mesially, where those 
on the metathoraeic and three succeeding segments are partly divided 
by the median line of the body, forming two irregular oval i)atches 
touching the median line of the body, and with the outer, hinder edge 
produced a little posteriorly. On the 1st abdominal scigment is a trans- 
verse, short but very wide crescent-shaped callosity with swollen margins; 
on the succeeding segments these become longer and narrower, until 
on the 4th segment they become one-half as long as broad; on the 
hinder segments (5-7) they become still longer and transversely oblong- 
17 E o 
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oval, with irregular broad thickened patches. Beneath, on the segments 
behind the 4th the callosities disappear, but there are raised smooth 
oval areas. A pair of thoracic feet on each of the three segments; 
they are 3-jointed, basal joint membranous; 2d joint about three-fourths 
as long as wide 3d joint about two-thirds as wide as the 2d, and slightly 
longer. The 9th abdominal segment but little narrower than the 
8th; the lOtli about one-third as wide as the 9th. A pair of meso- 
thoracic spiracles, and eight abdominal pairs. 

Head not quite so large in proportion as in X colontis. Labrum small, 
not quite so broad as in X. c^lonusy convex and well rounded in front, 
and very hairy. Mandibles black. 

Antennae 4-jointed, 1st joint apparently divided into two subseg- 
ments; 3d a little longer and naiTower than the 2d; the 4th minute, 
obtuse, one-half as long as the 3d is wide. Maxillae with the lobe 
rather small, reaching to near the end of the 3d joint of thq>»palpus. 
Maxillary palpi 4-jointed, 2d joint slightly shorter and narrower than 
the 1st; 4th half as thick as the 3d, and pointed at the tii). Labium 
with the mentum nearly square, narrower than the submen turn. The 
ligula, which is very small in X. colonus^ is here entirely wanting. 
Labial palpi 3-jointed; 2d joint not so long as wide; 3d very long and 
slender, a little longer than the 2d and about one-half as thick; they 
reach as far as the end of the 3d maxillary palpal joint. 

Length, 17“*“; breadth of prothoracic segment, 5““; length, 2““; 
breadth of 8th abdominal segment, 3.5““*. 

This larva may be recognized by the stout, thick thoracic feet, by the 
rather small prothoracic segment compared with the two hinder ones, 
by the absence of the ligula, by the large well-developed palpi and 
antennm, and by the shape of the callosities. 

THE COMMON OAK OLYTUS. 

Xylotrechus colonus (Fabr.). PI. XII, Figs. 2, 2a. 

Body of the usual shape, near that of Phymatodes. Prothorax less 
than one-half as long as wide; disk exactly one-half as long as wide; 
the disk is smooth on the posterior half, irregular on the front edge, 
with a broad irregular median lobe in front; the front edge of this 
smooth space is often tinged with dark. In front of this smooth area 
is a clear, pale, hairy space, and still beyond (anteriorly) are two irregu- 
larly oval spaces which are hairy and irregularly spotted, and often 
tinted dark. The under side of the prothoracic segment is quite hairy, 
with minute oval patches among 'the hairs, and wdth two conspicuous 
small dark diverging patches on the middle of the segment, but situated 
rather far apart. Mesothoracic segment a little narrower than the 
prothoracic and shorter than the metathoracic segment, the latter a 
little shorter and ibut very slightly wider than »Mie mesothoracic seg- 
ment. 
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Body contracted on the 6th abdominal segment, which is consider- 
ably narrower than the succeeding part of the abdomen, the 7th 
abdominal segment being wider than the 6th, and of the same width 
as the 8th; the 9th much shorter and two- thirds as wide as the Sth. 
The 10th segment small, one-half as wide but nearly as long as tiie 
9th. Abdominal segments 2-7 with transversely oval raised smooth 
callosities, those on the 6th and 7th being round instead of oval ; be- 
neath are similar callosities. 

Head a little over one-half as wide as the prothoracic segment; an- 
tennm 3-jointed; 2d joint one-half to two- thirds as long as the 1st and 
onC'half as thick; 3d minute, about one-third as long as the 2d joint 
fs thick. Maxilla with the lobe as wide as the basal joint of the 
palpus, and reaching to the end of the 2d palpal joint; the maxillary 
palpi 4-jointed, the 2d joint one-half as wide as the 1st; the 3d just two- 
thirds a^'Wide as the 2d; the 4th as long but one-half as thick as the 3d. 

Labium with the ligula small and rounded, not more than one-third 
wider than the basal joint of the labial palpus, the latter 2-join toil, 
the 2d joint nearly as long and about two- thirds as thick as the 1st. 
Mehtiim deeply cleft, one-half as long as the subnieutiim. 

Labrum small, rounded, not so long as round, surface convex, with 
dense hairs. Mandibles obtuse, rounded, not toothed. 

Length of body, 17*"“; width of prothoracic segment, 4.5““; length, 
2““; width of 7th abdominal segment, 3““. Thoracic spiracles in the 
middle of the mesothoracic segment, with the usual eight pairs of ab- 
dominal ones. 

Pupa as described in Bulletin 7. The end of the body terminates 
in a pair of incurved hooks on each side, the inner pair a little smaller 
than the outer. Six large recurved spines on the penultimate abdomi- 
nal segment, the other abdominal segment with about two irregular 
rows ot minute stout spines adapted for progression. 

Clytus? larva on the Black Birch. 

Plate XII, Fig. 3, represents the mouth-parts of a Glytus nearly 
allied to if not identical with X. eolonm. 

THE RIBBED RHAGIUM. 

RhagiUm lineatum Olivier. PI. XI, Figs. 1, 2. 

The following description gives the characters more fully than in Bul- 
letin 7, p. 162 : 

Body long and narrow, head remarkably large, as wide and as large 
as the prothoracic segment. 

Head behind with a triangular incision ; the apex of the incision is 
met by a curved liue^passing back from the outsid^ of the antemne, 
dividing the epicranium into two areas. Glypeus more solid than usual. 
Labrum about twice as wide ns long, and moderately rounded in front. 
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Antennae minute, very short, 2-jointed, the joints much shorter than 
hroad (when retracted), and the 2d joint blunt at tip. Mandibles 
large, with three teeth on the cutting edge. Maxiihe composed of 
two broad segments, and a third narrower one bearing the maxillary 
lobe and i)alpus; the lobe long and narrow, curved inward, reaching 
to the middle of the 3d palpal joint; palpus 3-jointed, the basal joint 
somewhat swollen at the end; 2d as long as the 1st, tapering toward 
the distal end ; 3d small, conical, as long as the 2d is thick. Mentiim 
wider than long, square; ligula square, but slightly convex on front 
edge; labial ]>alpi 3-jointcd, 2d joint a little slenderer than 1st, but of 
the same length ; 3d joint slender and as long as the 2d is thick. 

Prothoracic segment not so much wider than the rest of the body as 
in the Longicorn larvae in general ; sides straight, retreating posteriorly ; 
surface flat and chitinous ; meso- and metathoracic segments as wide as 
the prothoracic, but a little more than one-half as long as the 1st ab- 
dominal segment. Thoracic feet long and slender, 4-jointed, the 4th 
joint minute, corneous, 2d ^id 3d joints of the same length, the 3d two- 
thirds as thick as the 2d. 

Abdominal segments increasing very slightly in length to the 8th, 
which is slightly longer than the preceding ones, but a little narrower 
than the 7th; the 9th shorter and nearly one-quarter narrower than 
the 8th ; the lOth scarcely visible from above, one-quarter to one-flfth 
as wide as the 9th, and deeply cleft posteriorly. Callosities very large, 
soft, not well defined, being elongate, transversely-oval areas, bounded 
laterally by curvilinear impressed lines. Beneath, the callosities are 
a little more distinctly marked, with a transverse deeply-impressed 
straight, median line into which short curved lines pass, the whole area 
being oval-cylindrical, compressed in the middle. The hairs on the body 
rather long. 

Length of the body, 26-30™“ ; in one 30™“ in length the head is 3-4™“ 
long and 6™™ broad ; prothorax 2.3”*“ long and C™“ broad ; breadth of 
8th abdominal segment, 5™“. 

This larva is very common under the bark of pines which hav’^e been 
cut down for a year or more, so that the larva evidently gets its growth 
in a year. It may be easil 3 " recognized by its large size, the broad, 
flattened head and body, the latter not narrowing behind; the pro- 
thorax is small in proportion to the head, w^hile the jaii ten lire are minute, 
2-jointcd. The form of the body, and especially of the hard, corneous 
head, admirably adapts it for its w'ork of loosening the bark, and thus 
forwarding the decay of stumps sind fallen trees. 

THE LESSER PRIONUS. 

ft 

Orthosoma brunneum (DeGeer). PI. X, Fig. 1. 

In addition to ^the description on p. 161 of Bulletin 7, the following 
characters may be noted: 

Bead about one-half as wide as the prothorax. Front edge of epicra- 
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nium rough, black, and with a spine on each side below, projecting 
over the clypeus epistoma” of Perris); upper edge overhanging and 
irregularly denticulated. Clypeus subchitinous. Labriim in uch broader 
than long, well rounded in front, with numerous stiff bristles. Autcunno 
3 jointed; basal joint partly covered by a projection from the epicra- 
nium; 2d joint one-half as long and about three- fourths as thick as The 
Ist; 3d joint nearly three times as long as the 2d, somewhat barrel- 
shaped, being contracted at base and obtusely conical at the distal end. 
Maxill© with the lobe well developed, the lobe not being very broad, 
abundantly bristled, and extending as far as the end of the 3d palpal 
joint. Maxillary palpus 4-join ted; 3d joint but slightly longer than the 
2d, the 4th as long as the 3d, but one-half as thick, conical, pointed at 
the end, and extending well beyond the closed mandibles. 

Labium: mentum short and very broad; ligula nearly as long as 
broad, front edge well rounded. Palpi 2-jointed; basal joint thick and 
short, globose, 2d joint conical, contracted in the middle as if sub- 
segmented. Mandibles acute, slightly bidentate. 

Feet moderately stout, 3-Jointcd, the two basal joints nearly alike^ 
the 3d conical, and bearing a single claw. 

Length of the specimen, width of prothorax, 11.5™'"; of protho- 
racic disc, 10™"'; length of prothorax, 8™™; length from base of head 
to tip of labrum, 4'"™ ; width of head, 6™™; length of antenna, 0,8™'"; of 
leg, 0.0™™ ; width of mesothoracic segment, 12.5™'" ; of 1st abdominal 
segment, 11.5'"'"; of 4th abdominal segment, 10™'"; length of 8th ab- 
dominal segment, 4'"™; of 9th, 8""". 

Unknown Longicorn borer from an oak log. PL XI, Fig. 3. 

Body of large size, gradually tapering to the penultimate segment, 
with three pairs of thoracic legs of moderate size. 

Head small and much rounded. Labrum small and unusually narrow, 
well rounded on the front edge. Antcnnm conspicuous, unusually long ; 
2d joint very long and slender, longer than the basal one is thick; 3d 
joint minute and acute at tip. Labium very small, squarish ; submen- 
tum and mentum both rectangular, broader than long ; the ligula nar- 
row, much rounded in front; labial palpi 3-jointed; 3d joint obtuse, fis 
long as the 2d. Maxillary lobe very broad and rather short, not 
reaching beyond the end of the 2d palpal joint. Maxillary palpi 3- 
jointed; 1st joint very short and broad; 2d one-half as thick as the 1st, 
the 3d slender and a little longer than the 2d. Mandibles much rounded 
and entire at tip. 

The callosities on the segments, as figured in the cut, are prominent, 
more or less rounded tubercles with the surface divided irregularly by 
impressed lines. 

Length, 35“™; width of prothoracic segment, 8™™; length, 3™™; length 
of a leg with terminal claw, 0.4™“; length from base tf labrum to pos- 
terior edge of metathoracic segment, 6“^“; length of 1st and 2d abdomi- 
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nal segment, each, 2™°^; length from base of 3d abdominal segment 
to end of body, 28®“ ; width of each of segments 2-6, 6®“ ; the 7th and 
8th segments are slightly wider. 

Found in an oak log at Providence, E. I., May 20, 1881. 

Unknown Longicorn larva in the Sycamore. PI. X, Fig. 2. 

Body rather flattened, broader behind than usual, the penultimate 
segment being much wider than usual. Head large and prominent, 
square and flat, somewhat as in Monohammus, being one-half as wide as 
the prothoracic segment. Mandibles acute, unequally 2-toothed, the ter- 
minal tooth much the larger. Antennae very short and thick, 2-joiiited ; 
2nd joint extremely small, with two outer spines on the 1st joint. Near 
the antennae on the head are flve long bristles. Labrum much rounded 
in front, as long as broad. Labium broad, with 2-jointed palpi; 2d 
joint acute, as long as the 1st is thick. Maxillary lobe narrow, reaching 
to the end of 2d joint; 3d joint about as long as 2d, rather blunt. No 
thoracic feet. Prothoracic segment about one-third as long as broad, 
with a roughened spur on the posterior half ; the front edgequite hirsute. 
The markings or callosities on the back are difficult to describe, but are 
as figured by Dr. Gissler. 

Length, 15®® ; width of prothoracic segment, 4®® ; length, 1.6“®; aver- 
age width of the body, 3.8®“ ; length from tips of mandibles to base of 
head, 1.6®“. 

Larva found under bark of sjxamore tree in Brooklyn, N. Y. Eeceived 
from Dr. C. F. Gissler. 

Pwpa.— Plate XIV, Fig. 8, represents a Longicorn chrysalis, taken 
from under the bark of the same sycamore tree as the larva above de- 
scribed, and which may possibly belong to the same species. 

Note. — X number of other laryse, including those of certain Scolytidse, are figured 
on Plates XII-XV. See explanations of those plates. 



CHAPTER X. 

THE EMBRYOLOGICAL DEVELOPMENT OF THE LOCUST. 

Plates XVI-XXI. 

Ill order that the reader may understand the following statements re- 
garding the embryology of the locust, which arc more or less fragmentary 
in their nature, we preface our account with a brief descrii)tion of the de- 
velopmental history of winged insects in general so far as it is now known. 

Formation of the blastoderm . — ^The changes which take place in the 
egg immediately after fertilization are not known beyond the fact that 
segmentation of the yolk is partial, being confined to the periphery. The 
only observations yet published are those of Bobretsky on a butterfly 
(Pieris cratagi) and a moth {Porthesia chrysorrhoia). After fertilization 
there first appear scattered through the yolk a few (the smallest number 
4) cell-like, minute, anueboid masses of protoplasm, each with a distinct 
nucleus. A few (on(\at least) of these bodies gradually pass out of the 
center of the yolk to the surface of the egg (Fig 10 A, w), these becoming 
larger and rounder, and from one or two of these nuclei (Fig. 10 B, b c) 
the so-called blastoderm originates (Fig. 10 C, bl). Those nuclei remain- 
ing in the yolk increase in number and afterwards become the nuclei of 
rounded masses of yolk-granules, forming the so-called yolk-spheres 
which Bobretsky regards as true cells. 


Jie 



Fig. 10. 

To the few blastoderm cells situated on the upper end of the egg are 
added others which continue to pass from the yolk to the periphery, 

Zeitschrift fiir >vi8aon8chaftliche Zoologie, Band xxxi, 195. 1878. PI. xiv. The mode of origin 
obaerved by Bobretsky in the Lopidoptora does not apparently agree in the later ntages with what 
Woismann has observed in the Diptera, nndfl have observed in the flea, as there is pre^sont a blastem 
(Weismann) or clear homogeneous layer between the polar cells and the yolk, and afterwards the 
blastoderm appears, the polar colls still persisting. Seo PI. 2, flg. 1-3, Packard's Embryol. Studies on 
Hezapodous Insects. Memoirs Peabody Academy of Science, 1872. Sle also Weismann's Entwick* 
elnng der Dipteren, Taf. 1, flg. 3. 
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and then the blastoderm spreads out farther and farther from the upper 
end of the egg until finally it covers or envelops the whole yolk. This 
layer of cells is called the blastoderm,'^* 

As to the origin of the primitive amoeboid cells, Bobretsky is in 
doubt, but is disposed to think that they are the result of the subdivis- 
ion of the germinative vesicle or nucleus of the ovarian egg-cell. In 
this connection may be quoted the observations of Graber, who states 
that an examination of the ovarian cell at an early period has revealed 
the presence, in the center of the yolk, of a number of amoeboid cells, 
which appear to have been formed by the division of the germinal vesi- 
cle. These “ primary embryonic cells” have a relatively large nucleus and 
a number of nucleoli. Several may be seen to unite with one another by 
means of their pseudopodia, and they may also be observed to undergo 
division. 

The blastodermic disc or primitive band, — After the blastoderm arises, 
its cells become fiat on the dorsal side of the egg, but on a portion of 
the ventral side become crowded and columnar, i, 6., long and somewhat 
prismatic; this forms what appears to the eye ^ an oval, or long, 
narrow, elliptical disk, which is called the primitive band or blastodermic 
disk. This is the germ of the future embryo, and from its outer surface 
the appendages of the future insect arise. At the posterior end of this 
whitish, riband-like, long-oval disk, ^‘ventral plate,” or ‘^primitive baud,” 
as it is variously called, appear two folds, with a furrow between them. 
This is the germinal groove.” The two folds on each side gradually 
approach, according to Kowalevsky^s observations on the development 
of a beetle (Hydrophilus), and form in the middle and hinder parts of 
the primitive band a cavity or canal. This invagination-cavity corre- 
sponds to the primitive invagination-cavity or primitive hind intestine, 
or gastrula mouth of the worms and Crustacea, as well as vertebrates 
and other animals. 

Origin of the cellular or germinal layers, — ^This cavity disappears, but the 
cells forming its walls subdivide, and as the result a new layer of cells 
is formed beneath the outer original cell-layer or blastoderm. This is 
called by some authors the mesoderm, by others the endoderra. (The 
mode of origin of these two layers is in dispute.) At any rate, the prim- 
itive band finally splits or subdivides into two and afterwards three 
layers, which become the ectoderm, mesoderm, and endoderm of the 
adult animal. In their embryonic stage these layers are called : 

1. Ectoblast (or epiblast). 

2. Mesoblast. 

3. Endoblast (or hypoblast). 

According to Graber the blastoderm subdivides in insects into two 
layers only, the outer and the inner, whilb the middle layer (mesoblast) 
appearing later, always owes its origin to the endoblast. 

1 ^ — . 

u* Arcbiv fur Mlkr. Anatomie, xv, 18iB. 030. (See also abstract in Quart Jour. Royal Mior. Society, 
Tol. ii. 1870, p. 413.) 
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The following diagrammatic view, copied from Graber, will render 
clearer these statements : 

Germinal voslole. 


Germinal ceUs. 



Mesoderm. Inner germinal cells 

(secondary). 


Embryonal membranes . — After the primitive band is formed, the blasto- 
derm twice molts or casts off a layer of cells. The first molt is before the 
limbs bud out, and is called the outer or serons membrane. (PI. XXII, 
Fig. 2, ser.) It is at first cellular, the nuclei finally disappearing as it 
stretches and covers the growing embryo. The inner, called the amnion 
(PI. XXII, Fig. 2, am), is more closely connected with the embryo 5 origin- 
ally connected with the serous membrane, it splits off from the primi- 
tive band about the time the appendages begin to bud out, and continues 
to closely envelop the body and appendages, as seen in PI. XXII, Fig. 2 . 
Both of these membranes are, at the time of hatching, cast off with the 
egg-shell or chorion, and the exochorion or polygonal outer crust which 
envelops the shell or chorion proper, and which is so well developed in 
the egg of the locust. Hence we have eight layers in the insect during 
embryonic life: 

1. Exochorion. (Kemains of the epithelium of the ovarian follicle.) 

2. Chorion. (Egg-shell or cuticle secreted in the ovarian follicle.) 

3. Vitelline membrane.(Primary egg-membrane. Yolk-skin ) 

4. Serous or outer germ-membrane. (Blastodermic 

molt.) I 


6 . Amnion. Inner germ-membrane. Cast from | Derived from 


the primitive band. 


1 the blasto- 

6. Ectoderm. ) 

• 

f derm. 

7. Mesoderm. ^Embryo. 


I 

8. Endoderm. ^ 


* 3 


ittFor an account of the egg and ita outer onut or exochorion, and the mode of hatching, aoe Ist Re< 
port of the Commiaalon, pp. 277, 278. 
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Division of the embryo or 'primitive hand into body-segments.— 
while the primitive baud grows at the expense of the yolk, spreading 
out more and more over its surface, until (see PI. XXII, Figs. 1, 2) it lies 
like a broad riband over the yolk, each end nearly meeting. By this 
time it becomes divided by transverse impressed lines into segments, 
which correspond to those of the larva and adult. The first of these seg> 
mcnts is divided into two broad and flaring flaps, which are called the 
procephalic lobes. It becomes the antennal segment j behind this are 
16 segments, making 17 in all, or, as in many insects (locust, &c.), which 
have 11 abdominal segments, there are 18 body-segments, 4 for the head, 
3 for the thorax, and 11 for the abdomen. 

Development of the appendages. — ^Xearly if not quite simultaneously all 
the limbs bud out from each side of the median line of the primitive 
band. There are never more than one pair to each segment^ in some 
insects there are, as in the Lepidoptera, a pair on each abdominal seg- 
ment. The three pairs of rhabdites or elements of the ovipositor in 
bees, grasshoppers, &c., arise in the same manner as limbs. It will 
be noticed, as seen in PI. XVII, Figs. 1, la, that the antenme, jaws and 
maxillm, as well as legs, are alike at first. They acquire their definitive 
form just before the embryo hatches from the egg. 

In some insects, as the flea, the embryo is provided with a temporary 
knife-shaped process on top of the head, called the egg-shell cutter, for 
the purpose of splitting open the tough egg shell that the embryo may 
escape. 

Turning now to the internal changes during the development of the 
embryo, wo have to trajje the formation of the digestive cavity, the 
nervous system, heart, &c. Of the different viscera, the first to appear 
after the formation of the blastodermic disk or primitive band is the 

Nervous system. — ^This develops in the ectoblast or outer germinal cell- 
layer. It arises as two cellular strings or cords which split off from the skin. 
They lie one on each side of the median line of the body. They are enlarged 
at intervals corresponding to the segments of the body, forming a series 
of large ganglia, which lie next to each other, and are connected by 
short strands or commissures. As seen in PI. XVII, Fig. 2, there are in 
the locust 15 ganglia, or one to each segment of the body except the 
mandibular and maxillary segments in the head. The nervous system 
may be divided into two parts, one the brain, which is prmoral, situated 
in the upper part of the head, while the rest of the system is postoral 
and lies on the ventral side of the body. In section each ganglion con- 
sists at first of nucleated cells, those in the center being more close and 
dense than those on the outside. 

The alimentary canal. — ^This does not arise at once, the middle portion 
not being developed until just before theFembryo hatches. The aliment- 
ary canal in embryo insects is divided into three primary portions. The 
anterior, called the atomodc^my becomes differentiated into the pharynx, 
(esophagus, crop (ingluvies), and proventriculns of the adult } the pos- 
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terior, called the proefodesum, becomes the auus and rectum. The mid- 
dle portion of the tract includes the stomach, ending just in front of 
the urinary tubes, which open into the anterior end of the proctodeeum. 

PL XVI, Fig. 1, shows the embryo of the locust with the stomodicum 
and proctodmum well developed, the middle portion not being yet de- 
veloped from the yolk. The fore and hind intestine originally arise by 
inpushings or invaginations of the ectoblast, and they are distinguished 
by being lined with chitine. 

The stomach or mesenteron is at first a closed sac independent of 
the fore and hind divisions of the alimentary tract. It finally touches 
the opposing ends of the stomodaeuin and proctodjeum ; the cellular walls 
are absorbed, disappear, and just before hatching the digestive canal 
becomes a continuous hollow tube open from mouth to vent. The exact 
origin of the mesenteron is not known beyond the fact that the stomach 
is lined with the endoblast. According to Kowalevsky, in Hydrophilus 
the mesoblast is concerned in the formation of the stomach. At any rate, 
the yolk-cells appear to give rise to the endoblastic walls of the stomach 
(mesenteron). 

The coecal or pyloric apx)endages of the stomach have the same ori- 
gin as the latter; while the Malpighian or urinary tubes arise, as Dolini 
first observed in the embryo mole cricket, and as wo shall see in the 
locust (PI. XXI, Fig. 6, ut)^ as outgrowths of the ectoblast of the anterior 
end of the proctodmum. 

The origin of the genital glands has not been clearly mmle out. The 
polar cells which appear in Biptera before any other cells of the blasto- 
derm, those referred to in the note on p. 263^are supposed to give origin 
to the ovaries or testes. Dohrn states that in the mole cricket the geni- 
tal glands arise from the proctodmum. As Balfour states in his “ Com- 
parative Embryology,” it appears to bo fairly clear that the genital 
glands of both sexes have an identical origin. 

The trachece and salivary glands . — As may be seen in PI. XVI, Fig. 1, 
these arise nearly simultaneously. The trachem and stigmata arise as 
invaginations of the ectoblast; the stigmata are the original or primi- 
tive cavities caused by the ingrowth of the walls of the primitive band, 
and there is a pair to each segment, the head- segments (except the an- 
tennal) perhaps not excepted. The three thoracic and first eight ab- 
dominal segments are provided each with a pair of stigmata. The 
blind ends of the tubes unite in the locust to form on each side a dor- 
sal and ventral longitudinal main trachea. 

The salivary glands (PI. XVI, Fig. 1, sal)^ are said to be ectoblastic 
invaginations, and to be formed in the same general manner as the 
trachesB; they are not invaginations of the stomodmum, but, as Balfoui* 
states, arise from the primitive band behind the mouth on the inner side 
of the mandibles. 

The spinning glands of caterpillars and of b«e larvse (Apis) arise in 
the same way, but are situated on the inner side of the first maxillm. 
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Development of the icings , — Asbas been shown by^ Weismann, the wings 
of Hies are indicated late in larval life. They arise from minute masses 
of inditterent cells called ‘‘in vaginal disks,” these being microscopic in- 
ternal bodies attached to some nerve or tracheal branch. 

The mode of origin of the wings maj^ however, bo best understood by 
observing the early stages of those insects, such as the Hemiptera, Ortho- 
ptera, and Pseudoneuroptcra, which have an incomplete metamorx)hosia. 
If the student will examine Plates I-III of the First Keport of the 
United States Entomological Commission, particularly Figs. 1, 2, 3, ho 
will ^ee that the wings in the locust arise as simple expansions down- 
ward and backward of the lateral edges of the meso- and metanotum. 
In the second larval stage this change begins to take place, but it docs 
not become marked until the first pupal stage, when the indications of 
veins begin to appear, and the lobe-like expansion of the notum is plainly 
enough a rudimentary wing. This mode of development of the wings 
in Orthoptera has been shown and well illustrated by Graber,^*‘ who first 
drew attention to this mode of development of the wings, *and showed 
that it is common to all Orthoptera. Ignorant of his paper, we had 
arrived at the same result, after an examination of the early pupal stages 
of the cockroach, as well as the locusts, of Termites and various Hemi- 
ptera. In all these forma it is plainly to be seen that the Avings are simply 
expansions, cither horizontal or partly vertical (when as in locusts, &c., 
the body is compressed, and the meso- and metanota are rounded down- 
wards), of the hinder and outer edge of the meso- and metanotum. As 
will be seen by reference to Plates I-II of our First Keport, and by the 
accompfinying figures, the are notal (tergal) outgrowths from the 
dorsal arch of the two hinder segments of the thorax. At first, as seen 
ill the young ]>upal cockroach (PI. LXII, Fig. l)aiid locust, the rudiments 
of the wings are continuous with the notum. Late in pupal life a suture 
and a hinge-joint appear at the base of the wing, and thus there is some 
movement of the wing upon the notum j finally, the tracheae are well 
developed in the wings, and numerous small sclerites are differentiated 
at the base of the wing, to which the special muscles of flight are at- 
tached, and thus the wings, after the last pupal molt, have the power 
of flapping, and of sustaining the insect in the air; they thus become 
true organs of flight. 

It is to be observed, then, that the wings in all ametabolous and hemi- 
metabolous insects are outgrowths from the notum, and not from the 
flanks or pleurum of the thorax. There is, then, no structure in any 
other part of the body with which they are homologous. 

The same may be said of the true Neuroptera, the Goleoptera, and the 
Diptera, Lepidoptera, and Hymenoptera. As we have observed in the 
house fly,**® the wings are evidently outgrelwths of the meso- and meta- 


i^Zur EntwickelangsKescliichte uud ReproductiooBniliigkeit dor Orthopteren. Von Vitus Grabor. 
Sitznngsberlchte d. math.-naturw. Classe der Akad. d. Wissenseb., Wien. Bd. Iv, Abth. i, 1887. 

i3i On the Tranaforniatlons of the Common House Fly, by A. S. Paokard, Jr. Frooeedipgs Boston So- 
ciety of Natural History, voL xvi, 1874. See FI. 8, Figs. 12a, 12b. 
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uotunif we have also observed this to bo most probably the case in the 
Lepidoptera, from observations on a Tortrix in different stages of meta- 
morphosis.'*® It is also the case with the Ilymeiioptera, as wo have 
observed in bees and wasps 5 '" and in these forms, and probably all Ily- 
menoptera, the wings are outgrowths of the scutal region of the notiiiii. 

With these facts before us wo may speculate as to the probable origin 
of the wings of insects. The views inoie generally proposed arc those 
of Gegenbaur, also adopted by Lubbock'*® and originally by myself.'*® 
According to Gegenbaur:'®® 

Tho wings must be regarded as liomologons with the laniellar Iraclieal gills, for 
they do not only agree with them in origin, but also in their coniieetion witfi ilio 
body, and in structure. In being limited to the second and third thoracic scgnieiits 
they point to a reduction in the iintnhor of the tracheal gills. It is quite clear that 
we must suppose that the wings did not arise .as such, but were dovelopt^d from organs 
which li.ad another function, such as tho tracheal gills; I iiieaii to say that such a 
supposition is iiecess.ary, for wo cannot imtagine that the wings functioned as such in 
the lower 8t.ages of their dovelopinent, and that they could have been developed by 
having such a function. 

The foregoing statements are, however, inexact. If we e.vamiiic the 
tracheal gills of the smaller dragon-fly (Agrion), or the May flies, or 
Sitilidje, or Perlidjc, or Phrygaueidae, we see that they are developed 
in a very arbitrary way, cither at the end of the abdomen, or on the 
sternum, or from the pleurum; moreover, in structure they invariably 
have but a single trachea, from which miimte twigs branch out;'®' in the 
wings there are five or six main tracheae (Fig. 3), which give rise to tho 
veins. Thus, in themselves, irrespective of their position, they are not 
the homologucs of tho gills. The latter are only developed in the aquatic 
representatives of the Neuroptera and Psehdoneuroptera, and are evi- 
dently adaptive, secondary, temporary organs, and are in no sense ances- 
tral, primitive structures from which the wings were developed. There 
is no good reason to suppose that the aquatic Pseudoneuropteia or Neu- 
roptera were not descendants of terrestrial forms. 

To these results we had arrived by a review of the abovo-mentioned 
facts, before meeting with Fritz Muller’s opinions, derived from a study 
of the development of the wings of Calotermes. Muller'®* states that 
“ ( 1 ) The wings of insects have not originated from ‘ tracheal gills ’. The 
wing-shaped continuations of the youngest larvte are indeed tho only 
parts in which air tubes are completely wanting, while tracheie are riclily 
developed in all other parts of the body. ( 2 ) The wings of insects have 

i**>Goinpare also the work of H. Laiulois on tho origin of the wings in Lepidoptera. In the rndiinont* 
ary minute wings there are at first six tracheal bianehiH concspoiidiiig to the six primary veins of 
the wing. See Siebold and Eolliker's Zeitschsift, Bd. xxi, PI. xxiii, 1871. 

See our Guide to the Study of lusectH, p. C6, figs. 65, CO. 

Origin and Motamorphosos of Insects, 1874, p. 73. 

Our Common Insects, 1873, p. 171. • 

i*^£lf‘mento of Comparative Anatomy, English translation, p. 247. 

i’>Coinpare the obRervations of Palmdn, Gerstacker, Vayssidro and others. 

Beitrftge zur Keuntnissder Torrniteu. Jeuaische Zeitschrift fur^aturwissenchaft, Bd. lx. Heft 2, 
p. 2Ki, 1875. Compare, however, Palmdn’s Zur Morphologie dos Trachoensystoms, Uolsiugfois, 1877, 
wherein he opposes Muller's view aud adopts Gongenbaur's. See p. 8, foot note. 
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arisen from lateral contin nations of the dorsal plates of the body-seg- 
ments with which they are connected.^^ 

Now, speculating on the primary origin of wings, we need not sup- 
pose that they originated in any aquatic form, bat in some ancestral 
land insect related to existing cockroaches and Termes. We may imag- 
ine that the tergites (or notum) of the two hinder segments of the 
thorax grew out laterally in some leaping and running insect^ that the 
expansion became of use in aiding to support the body in its longer 
leaps, somewhat as the lateral expansions of the body aid the flying 
squirrel or certain lizards in supporting the body during their leaps. 
By natural selection these structures would be transmitted in an im- 
proved condition until they became flexible, i, e., attached by a rude hinge- 
joint to the tergal plates of the nieso- and metathorax. Then by contin- 
ued use and attempts at flight they would grow larger, until they would 
become i)ermanent organs, though still rudimentary, as in many existing 
Orthoptera, such as certain Blattarim and Pezotettix. By this time a 
fold or hinge having been established, small chitinous pieces inclosed 
in membrane would appear, until we should have a hinge flexible enough 
to allow the wing to be folded on the back, and also to have a flap- 
ping motion. A stray tracheal twig would naturally press or grow into 
the base of the now structure. After the trachea running towards the 
base of the wing had begun to send oft’ branches into the rudiment- 
ary structure, the number and direction of the future veins would be- 
come determined on simple mechanical principles. The rudimentary 
structures beating the air would need to be strengthened on the front 
or costal edge. Here, then, would be developed the larger number of 
main veins, two or three close together, and paralleC These would be 
the costal, subcostal, and median veins. They would throw out brandies 
to strengthen the costal edge, while the branches sent out to the outer 
and hinder edges of the wings might be less numerous and farther 
apart. The net-veined wings of Orthoptera and Pseudoneuroptera, as 
compared with the wings of Hymenoptera, show that the wings of net- 
veined insects were largely used for respiration as well as for flight,, 
while in beetles and bees the leading function is flight, that of respi- 
ration being quite subordinate. The blood would then supply the parts,, 
and thus respiration or aeration of the blood would be demanded. As 
soon as such expansions would be of even slight use to the insect as 
breathing organs, the question as to their permanency would be settled* 
Organs so useful both for flight and aeration of the blood would be still 
further developed, until they would become permanent structures, genu- 
ine wings. They would thus be readily transmitted, and being of more 
use in adult life during the season of reproduction, they would be still 
further developed, and thus those insects which could fly the best, i. e,y 
which had the largest win^s, would be most successful in the straggle 
for existence. Thus also, QOt being so much needed in larval life before 
the reproductive organs are developed, they would not be transmitted 
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except in a very rudimentary way, as perhaps masses of internal in- 
different cells (imaginal disks), to the larva, being the rather destined 
to develop late in larval and in pupal life. Thus the development of the 
wings and of the generative organs would go hand in hand, and become 
organs of adult life. 

It is not improbable that the metamorphoses in insects were primarily 
due to the acquisition of wings, and that the latter were likewise pri- 
marily due to the ripening of the sexual organs. We see tliat in Or- 
thoptera, Blatta especially, the larvm only differ from the adult in 
wanting wings and in having undeveloped genital organs. Metamor- 
phosis, then, in insects, is correlated most intimately with the i^resence 
or absence of wings. Moreover, the differentiation of the meso- and 
metanotum is closely dependent on the presence of wings. Wherever 
the wings are wanting the scutum, scutellum, &c., are not differentiated. 

The next step above the Orthoptera are the Pscudoneuroptera, such 
as Perlidffi, Psocid®, and Terinitid® ; and finally the Odonata and Ephe- 
luerid®. In all these forms the metamorphosis is incomplete, the chief 
difference between the larva and adult being the presence of wings and 
of ripe ovaries and testes. So it is with the Hemiptera. 

When we ascend to the true Neuroptera we see a greater differiMice 
between the larva and the imago, and a third, L c?., quiescent pupal 
stage. Here adaptive characters come in. The caddis worms, posbi- 
bly derived from Sialid forms, and constructing tubular cases, acquired 
cylindrical instead of flattened bodies; rapidly feeding up, they, by 
some means, acquired the habit of resting in closed cases, and dur- 
ing this quiescent period the wings and genital organs would become 
prematurely developed, until, as soon as the pupal sl^ep was ended, the 
sexual powers being ripe, the wings would suddenly attain their full * 
development, and the insect, the caddis fly, for example, would both 
sexually and as regards powers of flight become highly active. 

Given a few cases of complete metamorphosis in the Neuroptera, es- 
pecially Phryganeid® and Sialid®, we can explain the origin of a meta- 
morphosis in the higher orders. As the Coleoptera have probably de- 
scended from lost forms resembling the Sialid ^Neuroptera, and the 
Lepidoptera and Trichoptera from a common stock, the Diptera and 
Hymenoptera being also probable offshoots from the primitive Lepi- 
dopterons stock, it is easy to see how the majority of insects which be- 
long to the metabolous orders should all have a complete metamorphosis, 
this being secondary and adaptive in its nature. 

THE EMBRYOLOGIOAL DEVELOPJJIENT OF ORTHOPTEROUS INSECTS. 

In order to elucidate the earliest steps in the development of the 
locust, so as to complete fai« as possible our knowledge of the nat- 
ural history of the locust, as well as to examine the embryology of a 
typical orthopterous insect, the following researches were under- 
taken. The results are imperfect and fragmentary, as it was not easy 
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to obtain full series of eggs laid from the time of oviposition to that of 
hatching. Our examination of eggs confirms what Mr. Eiley had pre- 
viously stated, that the young develop in the autumn, though most of 
them delay hatching until the spring. From our observations, it ai)- 
])ears that the embryo locust begins to develop as soon as the eggs are 
impregnated, this act taking place, as Avell known, during oviimsition 
in the soil. The embryo, probably, passes through the earlier and 
indeed nearly all the embryonic stages before winter sets in; the em- 
bryo being nearly or quite ready to hatch lu’obably within a month 
after tl^i 5 eggs are laid. It is therefore not surprising that a few un- 
usually warm days in November or early December may cause an ac- 
celeration in the development of the embryo, and that young locusts 
should then hatch, while the majority of young do not hatch until the 
following spring. 

The only observations, so far as wo are aware, on the embryology of 
any orthopterous insect, are those of Dr. Anton Dohrn,on some stages in 
the development of the Kuroi)ean mole cricket, published in SSiebold and 
KdllikeFs Zeitschrift fiir wissenschaltliche Zoologie, xxvi, 1870 (with 
no illustrations). 

1 n this paper Dr. Dohrii showed that in Grjdlotalpa, or the mole cricket, 
the primitive streak incloses the yolk. On the sides and at eacdi cnid tlio 
primitive band is continued into a membrane, which ])asses around it 
and envelops the embryo; this is the amnion. The serous membrane is 
likewise present and seems to be united with the amnion into one mem- 
brane. 

The i)osition of the embrj^o at this time is such that the head begins 
at the middle point of the back part of the egg, th? mouth appendages 
on the anterior pole, the ventral segments on the ventral side, and the 
anus now is situated on the hinder polo of the egg. 

In this position and when the appendages have already reached a 
considerable size, Dohrn noticed the first appearance of motion in the 
embryo. This consists of slight contractions of a thin membrane. 

Dr. Dohrn observed how both leaves of the embryonal skins are 
united before the head, how their cells undergo a fatty degeneration, 
liow the skin becomes thinner and more trans])arent, and how in other 
parts of the membrane a kind of streak-fonnation sets in, while the cells 
seem arranged in rows. At the same time the whole membrane, whicli 
until now haslai<l directly against theinner egg-membrane, is seen tocon. 
tinuously contract, so that, finally, the entire interspace which sej^arated 
it from the embryo, especially on the fore body, disappeared, while the 
api)eudage8 which extended out free into this space were, by the pres- 
sure of the embryonal skins, pressed into the primitive band, so that they 
were not to be seen. Shortly the whols^ embryo lay like a ball within 
the egg-skins. 

The digestive canal> of insect-embryos consists of three portions: fore, 
middle, and hind gut. The formation of these three parts does not take 



' OF CiL£Of%£NUS 'aTLANIS." ‘‘ 

place at the samo time and in the same way, the fore and hind gat 
forming first and siiriiiltaneDiisly, by an invagination of the outer germ- 
layer {ectoderm or eciohlast) while the cells of the mid-gut, as Dohrn 
states, arise directly from the yolk. Tlie resor]ition of the food goes 
on in the mid-gut, the resuits of digestion i>assing through the walls 
of this part of the intestinal tract to mix with the circulatory fluid 
or blood. On the other hand, the function of the liind gut is that of an 
urinary bladder, since the Malpighian vessels open into it. Dohrn con- 
firms Biitachli\s observations made on the embryo of the honey bee, that 
the urinary or Malpigliiau vessels arise from the outer germ-layer.* Like 
the Malpighian tubes, the salivary glands and the trachete are offshoots 
of the ectoblast, as shown by Biitsclili. Likewise, as shown by Gaiiin, 
Dohrn claims that the ovaries arise from the Iiind gut, which it will be 
remembered is an invaginated portion of the ectoblast. 

For the cutting and mounting of the sections of locust eggs which I 
studied, lam indebted to Mr. Norman N. Mason, of Providence, R. I. 

I. Development of Caloptenus atlanis, 

' The earliest stage observed was in a mass of eggs of Caloptemis atlanis 
Riley, which were sent me from Missouri by Prof. O. V. Riley, with the 
label ‘‘eggs of 0. atlanis^ laid 10 days.” These eggs were laid in the 
autumn, and the ojnbryos, as seen by the following account, were already 
far advanced, the body-segments and appendages having appeared, the 
eyes being indicated, the brain and nervous cord being well formed, jind 
the cesopliagiis and crop (stomodieuiii) and hind gut (proctodaMim) being 
indicated, so that the embryos had probably nearly reached the stage 
represented by PI. XVI, Fig, 1, of G. npretus. 

This shows that development in tlieeggs of those locusts which deposit 
their eggs in the autumn goes on rapidly, and that the embryo is nearly 
perfectly formed and about ready to hatch in the'early autumn. As is 
well known, some locusts {C, spretus) do hatch in the late autumn in mild 
weather, while the rule is that the young hatch out in March and April. 
At all events, it is proved by finding the embryos so far advanced ten 
days after oviposition, that development begins as soon as the eggs are 
deposited, and that the embryo is nearly perfected and about ready to 
hatch, until the approach of winter arrests the final stages of develop- 
ment of the embryo, a few warm days in spring enabling it to Cvomplete 
its growth and to hatch. 

The drawings on Plates XX and XXI represent the earliest observed 
stages of Caloptemis atlanis ; it hiAdiig been impossible to obtain the 
freshly-laid eggs of Oaloptenus spretus within the last two or three years, 
owing to the general scarcity of the locust and of local observers who 
cduld collect them. To observe any earlier stages than those figured 
it would be necessary to secure the eggs as soon>as laid, and then to 
V place examples of them in alcohol or in hardening fluid, according to 
18 E 0 
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Bobretsky’s method, at intervals of a day until, say, the expiration of 
ten days. 

The specimens were preserved in alcohol of ordinary strength, not 
having been hardened by any reagent, such as clironiic acid, anti the sec- 
tions were cut by JMr. N. N. ]\Iason, of Providence, who, after having 
hardened the eggs in absolute alcohol, then placed them in dissolved 
gum arable, having i)revious to cutting stained the eggs in picro- 
carmine. 

The embryo was cut into thirty four sections, some of them passing 
through the limbs (s(^e PI. XX, Fig. 1), which shows that the proceplialic 
lobes, the mouth i)arts and legs laid been iudiealed, and that tlie embryo 
’ivas nearly as far advanced as that represented on PI. XVI, Fig. 1. 

Nervous st/stem ami vyes , — At this time tlu', nervous system is well 
developed, the brain being now nearly as large in proportion to the head 
and to the sn(!e(‘edhig segments as in the nearly mature larvic figured in 
the chapter on the brain of the locust in tin*. Second Ive])ort of the United 
States Fiifoinologit'al ( ^)inmission, Plate* XII. A t this time, as seen in 
PI. XX, Fig. I, file two li(*misplieres of the brain {bY) are indicated, but 
thereareas yet no signs of a differentiation of the brain iido the cere- 
bral lob(*s ajid antennal lobesof the advanced embryo figured on PL XII 
of our Second Ihyport. 

The oi)tie ganglia (Fig. 1, op. p.) are large, and, like the brain, com- 
posed of iiiimite g;mglion-e<*lls. The sulHesophageal ganglion is now 
about t wi(‘-e as large as those of tlie ventral eonl. A section of opo of 
the thoracic ganglia is re])resented on PL XIX, Fig. 3. 

The eyes are now eh‘arly indicat'd and of comparatively large size 
(PI. XX , Fig. 1). T1 m‘ rows of cells radiating outward f rom t he periphery 
of the optic ganglion are well indicated, showing that at this date and 
probably at an earlier perioil the se]>arate divisions, or lliose correspond- 
ing to the simple eyes, are indicated. The eyes of the embryo of (7. 
^pretiis at a hit(*r date are re])resented at IM. XVI, Fig. 4, when the 
cones and rods an*- clearly developed. 

The heart is now well developed (PL XX, Figs. 3 and 4), and from 
what we have seem, as indicated in Fig. 4, the mode of origin is as 
claimed by Dohrii. As seen by the section represented by Fig. 4, the 
walls of the heart at this time are formed of a continnatiou of the am- 
nion which merges into the walls of the heart. The membrane form- 
ing the heart is formed beneath and above of a single row of epithelial 
cells, which on the sides become double, or, as seen on the right side 
of the ligiire, about four rows deep. From this it would appe.ar that 
the view of Dohrii that the heart originates as a loop of the ectoblast, 
which becomes conslricited and finally forms a separate tube, is a more 
correct one than the opinion of Kowalcvsky that it is formed by the 
uiiioii of what were originally independent mesoblast-cells. The con- 
tents of the heart fire very finely granular, the granules as a rule not 
much if any larger than those in the small cells forming the amnion or 
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tlie cellular wall of the heart itself. No nuclei could be detected among 
these granules. 

The tracheae , — Tlie tracheal system at this period could not with cer- 
tainty be'made out in our sections, although, as will be seen, the urinary 
or Malpighian tubes are clearly indicated. Only two or three sections 
(Fig. 3 tr) show clearly wliat, judging from Hatsehek’s figures, we sup- 
I)Ose to be a section of a main tracheal tube. This section is evidently 
through one of tlu^ anterior segments of the thorax as it. i)asses through a 
pair of legs (/). But in tlie sections posterior to tliis, especially the ab- 
dominal one, the organ which we judge to be the trachcadoes not reap- 
pear, nor are there any indications of sections of smaller tracheal tubes 
to be found, unless the circle of cells in the section of the l(*g (Fig. 3, tr ?) 
be sucli, though the ])rei)arations are good enough to show them if they 
were pre.sent. The body or organ whi<di I provisionally regard as the 
first indication of the main lateral tracJiea (l"ig. 3 ir and 3 n) lies. out- 
side of the yolk, and is clearly i\n\ result of an invagination of the (ycto- 
blast. It is situated direct ly aliove tlu‘ inscTtion of the limb (/), at the 
idace where we should naturally look lor the first imlications of the 
trachea. Its structure at this ixnaod, as seen in Fig. 3u, is nearly the 
same as in the Lepidoptera (com])are llatschek’sTaf. II. Fig. 3 tr), there 
being an outer layer of cylindrical epithelium, with often large nuclei, 
while the cylindrical cells are replaced by an inner mass of polygonal 
cells. 

The (ligestivc canaL — At thisi>eriod the two extremities of the di.gest- 
ive canal have been formed by the infolding or in vaginal ion of the ccto- 
blast (epiblast). It will be remembered that th(i first section of tln^ canal, 
which becomes in the adult the month, (.esophagus and crop, is in the 
embryo called the atomodnmm ; and the third seedion, corresponding to 
the rectum and intestine, is (jailed the jLimdofhr/na. In the first section 
through the brain and eyes the microtome passed through a jiortioii of 
the stomodwum. It is seim to be composed of the usual two sub layers, 
the inner or glandular (Darmdriisenlage) and the outer (Darmfascrlage) 
or fibrous layer. 

Turning now to thepro(do(7rt??m (compare PI. XXI, Fig. 8, Ha), showing 
the first and thjrd sections of the digestive tract at a little later stage, 
while the middle section or future stomach (imjsenteron) is undeveloped), 
Figs. C-9 represent different sections through the proctodamm, whuihis a 
short thick tube, with the glandular and fd)rous layer already developed. 
Fig. C i>asses through the autmior end, and Fig. 8 through the rectum and 
anus. Fig. 8 shows clearly the primitive oj)euing into the rectum, the 
ectoblast having grown or pushed in from the hinder end of the blasto- 
derm, the ends of which are cut; througli, as seen in Figs. 7, 8, 8(f, dbl. 
The glandular layer, composed of columnar epithelium, is seen to be 
completely formed, while the polygonal cells of the ^broiis layer are seen 
to be splitting of£ or separating from tlie original ectodermal layer.* The 
latter is seen to be continuous with the amnion (am ) ; the double rows of 
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the gland nlar la3'er finally becoming a single row of amniotic cells which 
pass up dorsalljr towards and finally appear to surround a cavity (dof) 
which may possibly be the remnants of the ‘‘dorsal plate” of Kowa- 
Icvsky and Dohrn (see Balfour’s Coiiii>arative Embryology, i, i). 335 , Fig. 
. 185 . Our sections are here imperfect, leaving a doubt in m3" mind 
whether the organ (do^) is not formed by a growing up of the ectoblast, 
as Dohi n states, towards the dorsal region, forming a provisional tube. 
It is doubtful whether at this stage the lieart reaehes as tar back as the 
proetodanim ; and the sections iu iVout (Figs. 3 , I, 5 ) show the heart veiy 
clearl3’, with a thick, deJiuit(i wall, and situated ]iext to the serous mem- 
brane. On the other hand, the tube like organ (dof) is less glandular, 
with much thinner walls than indicated 1)3'^ Kowalevsky’s figures. 

The urinary tuhefi . — At this stage the urinary or ]Mali)ighiau tulx^s 
are clearly indicated (Fig. d ut) as arising from the anterior end of the 
incipient intestine 01 proetodanim. In the section represented 1)3" Fig. 
6, the microtome passed through the cud of the proetodanim, in which 
the two sub layers, the inner or glandular [gl) and liie outer or fibrous 
(/ 7 ), are clearl3' indicated, the origins of at least; eight, and i)ossibl3" 
ten, of these tubes were observed. It will be remembered that the 
primitive number of urinary tubes is four. According to the observations 
of Dohrn, these tubes develop from two primitive pairs of tubes from 
the proctodmum. llatschek, Taf. Ill, Fig. 7 , shows the mode of origin 
by budding of the secjoiidary tubes from the primary ones. Tlie urinaiy 
tubes are i)laiiily seen to be hollow; they iu‘e now quite long, as long 
pieces are seen cut off and lying about iu dilferent idaces in the section, 
and the microtome also passed through them in section, as seen at ut\ 
Their origin from the glandular layer of the primitive intestine is not 
clearly seen at this stage, as, judging b.y one section, there is not seen 
to bo an3’ close eonneedion at this period with the inner or glandular 
sub-layer of the proetodanim. 

Ko traces of the sexual glands, that I could discover, ajipear at this 
Stage. 

The yolk cells . — At the jieriod represented 1)3" Figs. 3 aiid 5 (PI. XX), 
there is seen to be a very fine net-work of irregular, angular, very min- 
ute masses of protoplasm, wliicli spread tlirougli the yolk-nmss. In 
some of the triangular masses a minute nueleus-like body not much 
larger than the granules is to be seen. 

In close relation with this singular md-work of protoplasm inclosing 
tire colossal yolk cells, and which stains a delicate red with picro-car- 
mine, arc large, usuall3" rounded masses of protojdasiii. They are not, 
however, well-develo])ed cells, but iua3" I’uilier be comj)arcd with the 
nuclei of cells. Some of them ap})ear to possess a minute nucleolus. We 
regard these as nuclei of the yolk cells, each 3'olk cell containing from 
about six to eight of them. 

Figure 5 a represeu’ts a portion of a yolk-ball with its protoplasmic wall, 
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enlarging into amcebiforra or triangular masses at the corners between 
the polygonal yolk-balls. From these thin walls libers are sent off to 
the rounded nuclei within, with which are also associated scattered an- 
gnlar masses (an). We judge from these two sets of bodies, the rounded 
and tlie auKjebifbriii, that the nuclei of the yolk cells are in an active 
state of prolileriition. 

A poculiarit}" in the relation of the yolk graiuiles to one another we 
have never seen j\nnitioned. Tliey appear to be attaclied to the yolk cell- 
wall by very slender pedicels or libers, sometimes as many as live or six 
such line strings or libers liolding the larger grannies in plaee; while 
tiiose grannies in the interior of the yolk cell are attaehed to each other 
by slender lilnns. The granules are more numerous in the eenter of 
the yolk cell than near the periphery. Tliese lilxus, like the grannies 
themselves, are liot stained by picm-carmine; the yolk graimles are also 
colorless, not reeidving a stain, being lilled with a clear llnid, and are 
not suniciently numerous to be crowded together, henee they retain 
their original si>heri(*al form. 

• We w(ue unable in our seidioiis of C. atlanis to detect any eiitoblas- 
tic or mesoblastie cells, either free in the yolk or in layers. 

11. Develoimcnt of (kdoptenna spretns. 

I received in the winter of 188L a mass of eggs taken from the earth 
at Nephi, Utah, January 7, wliicdi liad been dc^posited the previous 
autumn. They were kept in a sunny room healed from 00^ to 70^ F. 

riate XVI 1, Fig. 1, 1 u represents the earli(*st stage (observed January 
20, 1881). At tins time the embryo lay on one side of the yolk, but not 
immersed in it, the primilive segnuMits decreasing in size from the pro- 
eephalic lobes to tin*- end of the abdomen. The embryonal membranes 
are not indicated in the figures. The proce[)halic lobes are nearly as 
long as deep, and the eyes arc already indicated. The head is seen to 
be composed of two regions, the ])roccphalic lobes, and the tergal por- 
tion of a second segment. This segment we are disposed to regard 
astlie fourth (second maxillary or labiai), and it may lie compared with 
the very distinct i’ourth cephalic arthromere of Diplax,*^*^ a dragon fly. Of 
the three tliora(ae segmimts the last is rather longer than the others. 

riatoXVl, h"ig. 1 (observed January 28), rcjiresents a more advanced 
embryo, which had been removtMl from the egg and slipped out upon the 
surface of a live-box. The nervous system, consisting of the brain and 
siKjeeeding ganglia, is now clearly indicated, as are also the tracheal sys- 
tem aiul spiracles. 

As regards the nervous system,^thc brain and optic ganglia are indi- 
cated; the eyes begin to show a reddish lint. The ganglia of the ventral 
eliain are 14 or 15 in all, inelud/ng the brain, as better seen in PI. XVII, 
Fig. 2, than in tlie present figure. Thus there are two ganglia in the 

*®3Kmbryologlcal Stuclies on Diplax, Porithomis, ond tlio Thysniiiiioiia gouus l£iotoiua. By A.S. 
Packard, jr. Memoirs Peabody Academy of Science, 1871. PI. 2, Fig. 9,*. 
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head: one in each thoracic Hegmeut, and one in each of the ten abdomi* 
nal segments. 

There are two inain tnicheal stems indicated at this date, the trachem 
at this time coiisistingof masses of yolk globules. In nearly each segment 
are smaller connecting branclies, while small branches i)ass outward from 
the outer tracheal stem {tr‘) to the stigmata. Ko branches were traced 
into the head, and the two main trunks appeared to be united in tlio 
fourth cephalic segment, wlicre they expand, and at the end of the abdo- 
men they unite in the ninth segment. The stigmata were small, with a 
central depression, the area of invagination. 

The most interesting leatnre at this stage is the i)rimitive mouth or 
oesophagus and fore-stomach or siomodmini {at). This is seen to be a 
sac, the result of invagination, audit has a double wall, with the square 
mouth opening at the anterior end. The notcli behind the mouth may 
possibly be the point where the rudimentary prov entriculus begins. The 
primitive intestine or proctodwiim (pr)^ has the same structnni appar- 
ently as the There was no appearance at thiS' stage of a 

mid-gut or mesenteroii. At the back ])art of the head was a mass of 
yolk cells extimding from near the i)Osterior ])art of the stomodamm 
outwards towards the outer edge of the mandibular segment. This mass 
of cells (li'ig. 1, sal) I am disposed to regard as the lirst indications of 
the salivary glands. 

PI. XVIII, Fig. represents the fore-head or pre-oral part of the head 
of another embryo, with the eyes a litth‘ more advanced, and showing 
the anterior ocellus (oc) and the oesophageal part of the stomodseiim. 

PI. XVI, Fig. 2, shows tlie structure of the body walls, being (he ei)ithc- 
lium forming the integiiment of the side of a segment, foi'ined by a 
single row of oval epithelial cells, h^ig. 3 represenls the structure of 
the iniier embryonal imMiibrane or ‘‘amnion,’^ some of the blastoderm 
cells being distinctly nucleated. 

February 2. A more a<lvaiiccd embryo was observed in process of 
turning. 1*1. XVI 1 1, l^^ig. 2, rei)resents llui head and thorax at this time. 
The eyes are now rofddish ami far advanceol. The three ganglia suc- 
ceeding the brain are also to be seen. 

In an embryo observed February 5, — perhaps, however, not so far 
arlvanced as the preceding,— -the structure of the eyes could be observed. 
PI. XVI, Fig, I, is a mit:ural section through the eye as seen in the living 
embryo. The cones are seen to be oval-oblong cells, with a distinct 
nucleus ; each cone is succeeded by the rod, and at a short distance 
from the cone is the indication of the retina (ret), a reddish mass not 
continuously extended from rod to rod, each mass with a dark distinct 
nucleus. 

The origin of the ocelli is now to be seen. PI. XVT, Fig. 5e, represents 
a vertical view of the proccplialic lobes, with the indications of the three 
ocelli. Each ocellu^^is seen to Ifc formed of several (15 or 7) reddish pig- 
ment cells. PI. XVIII, Fig. 4, shows clearly the relations of the auteuua 
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to tlie procephalic lobe, which is plainly seen to form the pleura of the 
first or antennal segment (arthromere), the antenna being deyelopeil 
from the sternal side, and the eye developed on the tergal side. This 
preparation shows clearly (1) that the procei>halic lobes are the pleural 
portion of the first cephalic or antennal segment; (2) that the antenna 
is an appendage or outgrowth of the procejihalic lobes ; (;5) that the eyes 
are a specialized group of epidermal cells of the iiiiper part of the pro- 
ceplialie lobes, and are notliomologiiesof tlie aiitenme. or of the append- 
ages in general ; and (1) it seems to follow from a study of the relations 
and mode of development of the clyiieus and hibriim, that they arise 
between the procephalic lobes, and x>robably represent the tergal part of 
the antennal or first cephalic segment, forming tlio roof of the mouth, 
i, €,y closing in from above the iiharynx. 

The form of the brain and ganglionic chain is well seen in an embryo 
observed February 22 (PI. XV I, Pig. 1). All the ganglia, from the brain 
to the last pair, are seen to hav’^e a group of ganglion-cells in the center, 
the i)eripliery b(‘ing free from them; the origin of the main nerves for 
each ganglion, and also tlie relations of the ganglia to the body 'seg- 
ments, were clearly seen in this embryo in life. It apjiears that there 
are 15 pairsof ganglia, iiudnding the brain; L <?., two pairs for the head, 
one for each thoracic^ and abdominal segment. 

PI. X/VI IT, Fig. 1 , drawn from an embryo observed February 2.'5, shows 
the relations of tlie mandibles, tirst maxilhe, and second maxilhe or 
labium. The mandibles remain single-lobed ; but in the maxilhe, which 
were, as seen in PI. X Vll, Fig. 1, hr, single-lobed, two if not three lobes 
appear, tlie outiT being considerably the larger. The second maxilhe 
also have subdivided into two lolies, th(‘. outer or labial palpi also the 
larger, it thus apiiears that the pcripln'ral or terminal ])arts, ligulfi, 
palpiger, and ])alpns, are formed before th(». siibiiiontum and men turn; 
these being the result of the consolidation of the second maxilhe; this 
takes i)lace only shortly before hatching. 

The relations of the c(^])halic apiieiulages were best seen in the em- 
bryo represented on PI. XVII, Fig. ;3, and drawn Pebruary 15. In this 
specimen the tirst maxilla is S(‘en tobedividiMl into three eijiial lobes, and 
situated on the outer side of the mandible, while the uneiiiially bilobed 
second maxilla is situated just external to the end of the antenna. 

At this time also the hind limbs are decidedly larger than the two 
anterior pairs, and the hind femora are now large and thick, while the 
three injiiii divisions of the legs are clearly indicated. 

In the oldest embryo, observed March 12, the limbs are in about the 
same state of development, and tlie trachem are but slightly more de- 
veloped than when first observed. 

Sections of embryo about ready to hatch, — PI. XIX, Figs. 1-^1, represents 
sections of the same embryo as in part figured in our Second Report, 
Plate XII, the sections of the head only being thq^e represented. 



’ 28Q REPORT UNITED STATES ENTOMOLOaiCAL COMMISSION. 

i lll. THE DEVELOPMENT OF THE BAKK-BOIllNG BEETLES HYLURGOPS 

AND XYLEBOllUS. 

Two Scolytid or bark-boriiig beetles were observed in abundance, May 
30, 1882, iieiir Providence, under tlic bark of wliitc pines {Pinus strobm)^ 
cn^’aged in re[)roduction and egg-laying. The larger of these was JTy- 
lurgops intiifcx Fiteli; tlie smaller XylehoruH caiatus Eieh,*^^ Bringing 
specimens to my house, the next day I was able to observe their habits 
more closely. The following notes refer entirely to cwlatus. The 
female Avas iu her hole, the end of her abdoineii extending straight up 
out of the ])erpendiciilar hole or ^-mine;’^ a male approached her and 
rubbed the end ol‘ her body with his fore i>air of J'eet, the female appar- 
ently responding by moving back and forth in her mine. After a. moment 
or two the male visited anotlier female in her hole, and caressed her in 
the same manner, theji retnrned to the lirst 1‘emaie and inserted his intro- 
inittent organ in the female, the end of whose body was depressed, so as 
to leave a si)aee between it and the end of the elytra. 1) nion continued 
for six minutes, during which time the hindermo.st pair of feet of the 
male kept stroking the end of the abdomen of its mate, while its anteii- 
me were vigorously moving. At the end of this time it immediately 
withdrew and disappeared down another hole, the female descending 
her mine. From these facts we infer that the male of this species is 
polygamous. 

While boring, at least in confinement, the borings or dust is thrown 
out around the month ol‘ the mine in a heap. The mine or tunnel is 
from ail inch to an inch and a (piarter long; at close intervals on one 
side there arc lateral, d(‘cp notches in wdiich two to three or four eggs 
are irregularly laid; or the eggs are carefully deposited side by side; 
the lateral notches are then lilled Avith borings or dust by the moA’^c- 
ments of the female in her main tniinel, the eggs being enclosed in the 
mass of borings. 

Hylurgops docs not make lateral notches, but places her eggs side 
by side in a single recess on one side of the mine. 

n. XXII, Fig. 1, represents the egg of the Xyleboriis 21 hours after 
impregnation. The primitive band {pb) has comphdely formed, as well 
as the serous membrane; the inimitivc band lies outside of the yolk 
and at this time the segments are not imlicated. 

Fig. 2 represents another egg observed June 1st. The segments are 
now clearly indicated, and those of the head (a’-a*) are as clearly iudi- 
cated as those of the future thora:^ (a^’-a’’") or those of the abdomen 
(1-8). The dotted iiortioii rei>feseiits the blastoderm, while the clear 
lobe-like portions are the appendages, 1-^4 the four pairs of appendages 
of the head, and I-lII the three jiairs of legs. The amnion {am) or in- 
lier membrane is now entirely formed ; the cells much smaller than those 
of the outer or serou's membrane (ser), 

am iudcbtfMl to Ihc kiitdiiuss of Dr. G. H. Horn fur the idciitiQcation of this species. 
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A feature wo have observed in these eggs, which are very transpa- 
rfciit, is the protoplasmic threads (lh) which connect the cells of tho 
amnion with one or two of those of the serous imMubrane. Tlicse aro 
also seen in Fig. 2a. They ai)pear usually to be forlanl alter originating 
from the amniotic cells. I have never seen these threads before, nor 
have they been noticied by embryologists, sn far as I am aware. 

Fig. 3 is a dorsal view of the eml)ryo, re[)resenting tlie proee])lialic 
lobes, or two sides of the epicranimii or liead; the el.ypeus in Fig. 2 {cl) 
is seen to be a lobe i)rojecting ov 4M‘ tlni antenn;e (ant), 

(Fig. 4, drawn by Dr. (lisshn*, represents a farther advanced stage, in 
Hylurg'ops, the emlof the abdomen (ah) having retreateil iVom the back 
of llie head.) 

Fig. o reim'soni s an embjyo Xylebonis, obsm'ved a’ ane ;]d. Tlie head 
is now distinctly differontiat(al from the rest of the body j the indica- 
tions of the Ii(^a(l-s(*gnients have <Iisaj)peai*ed, the four pairs of a])pen(l- 
agos (1-4) being clearly indicated, as well as the clypeiis (ch/). In this 
embryo the indications of eleven pairs of sj>ira(iles were obsin ved (sp‘- 
sp’^), and it is interesting to note that in eactli tlioraeic s(*gment there is 
at lirst a imir of spiracles, though the ])rothoracic pair is thii largest and 
best developed. The spiracles arc suj)erlicially eomposinl of a circle of 
ectodermal cells, which snrround a depi'ession of tubes, resulting from 
a local inpiishing or invagination of the ectoblast. Wiiether the double 
scries of grannies (//•), which apj)ear to originate from tlie stigmata, arc 
tli<i germs of tho tracheae or not, wc were unable to delinitely state, but 
I am inclined to think that they are. 

The presence at lirst of tliree pairs of thoraeJc embryonic stigmata is a 
matter of gr(‘at interest, because, as seen in Figs. 8 and t), tlie late embryo 
or freshly hatelied larva lias but a single jiair of stigmata, L e., those sit- 
uated in the prolhorax. Now it is dillicnlt to explain tlie iiresenco of 
these temporary, emlnyonic, mesothoracic and metathoracic stigmata, 
unless the ancestors of these and other insects had tlnnii in each segment 
of the thorax. In this connection we may refer tlie l eader to our article 
on the primitive number of spiracles in wingiMl insects, jmblishcd in the 
American 2fatiiralist, vol. 8, S(‘pt. 1874, in wliicb wc took the ground 
that tho normal, juimitivc number of ])airs of spiracles is eleven, and 
that, probably the larvic of tlu^ dilfereiit groups of winged insects had 
originally a pair on eaidi thoracic segnumt. 

The remaining figures were drawn by Dr. C. F. Gissler, and represent 
the later stages of the embryo llylurgops. In Fig. 7 the. mouth-parts 
are elaborated, the labial and maxillary palpi being dilferen tinted. 

Fig. 8 representsa fresldy hatched llylurgops, wdiieli is 1.5 iulength. 
The head is very large, while the spiracles are distinct, and the stomach 
(«t), Intestines (/), and rectum (r^are distinctly visible. 1 1 will be seen that 
the rudimentary feet of the early embryo have disapiiearcd. Where the 
larvje hatch, as soon as they are free Irom the sliell, according to Dr, 
GisslcFs observations, they attach themselves to the surface of the bark 
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in tlie manner seen at Fig. a, and turn around for half an hour before 
^ beginning to feed. Fig. 9 b represents one of these larvm at this time. 
Fig. 10 was drawn by Dr. Gisslcr to represent the end of the body of 
one of these larvie, to sliow the form of the infra-imiil sucker-like ex- 
tremity of the last abdominal segment, which is produced and soft at the 
end, with perlnips tempoiary dermal glands to secrete an adhesive tiuid. 
The anus is seen to project above and beyond this sucker, r representing 
the recUim, i the intestine, and st the ])yloric end of the stomach. 

The general mode of dcivelopimmt of these two Scolytid beetles exactly 
agrees with that of the (hirculionidm or true weevils, as described and 
figured in the author’s note on the development of rhois in his 

Embryological Studies on Ilexapodous Insects. 

IV. TUE NUMBEU OP si-:ga[i:nts in the head of winged insects. 

By a study of the structure of the head of adult insects it is very diffi- 
cult, if not impossible, to determine the number of sc^gmeiits in the head 
of winged iiiseets. Tlie number as given by dilferent authors is very 
variable, while it is popularly sui^posed that the head corresponds to a 
single Segment, and that the ditVerciit pieces are simply “subsegments.^^ 
We will quote from Xewi)ort, article Jmecla^ in Todd’s Oyclot)iedia of 
Anatomy and Physiology, the views generally entertained on this sub- 
ject. 

“According to tlu^ investigations of the most careful observers, Sa- 
vigny, Audoiiin, Macleay, Kirby, Oarus, Btrauss-Durckheim, Kewman, 
and otluMS, (wery segment of the ])erfect insect is madci ii]) of distinct 
parts, not always separable trom each other or developed to the same 
extent, but existing juimarily in all. It is also belie V(*d that the head 
itself is foriiuHi of two or more segments, but the exact number which 
enter into its composition is yet a question. So uncertain are the oiiin- 
ioiis held ni)Oii this snbjeed, that while Jbirineister recognizes only two 
segments, Cams and Aiidouiii believe there are three, MacleMy and New- 
man four, and Strauss- Diirckheim, even so many as seven. These dif- 
ferent conclusions of the most able investigators appear to liavo arisen 
chielly from too exclusive examinations of the head in iierfect insects, 
without ref(*rence to the corresponding parts in hirvic. It is only by 
comparing the distinctly indicate<l parts of tlie head in the perfect insect 
with similar ones in the larva that we can hope to ascertain the exact 
■ number of segimmts of which it is composed. In the head of the perfect 
insect there ought to bi‘ fouiid some traces of all the segments which 
exist in the larvic of the same species, and in that of the more perfectly 
developed larvm that undergo a true metamorphosis there ought in like 
manner to be found the rudiments of 'all the segments in the least 
perfectly developed. Now, the common larva of the Dipterous insecti 

iw Memoirs of tlm Pcal)o«ly Acudoiiiy of Scieiiro, Salem, Mass., 1872. VI* IIL 
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ttie maggot of the flesh fly, is one of the lowest forms we have yet exam> 
iiied, and we have already seen that its heiul appears to be formed of ^ 
four and perhaps even of five segments. This is the greatest number 
yet noticed in the head of the larva of any species. If, theref(>re, we can 
trace the like nuinbor in the head of a i)erfect insect, we may fairly con- 
clude that this is the normal iniml^er of segments throughout the class. 
The head of the great water-beetle, Hydro ua piceiis^ is remarkably well- 
fitted for exemplifying the number of segments of which tlie head is 
originally composed, the remains of four of the segments being distinctly 
marked; and it also alfords us a proof of the correctness of the opinions 
advanced by Savigny and others, that the organs of manducation are 
the proi)er articulated members of distinct segmejits, and are perfectly 
analogous to the proper organs of locomotion. 

shall first describe the parts of which the head is composed, ami 
then endeavor to exi)lain the manner in which t-luise parts have been 
developed from several segments to form the perfect cranium and its 
appendages. It lias hitluato bemi customary with naturalists to desig- 
nate the head the iirst segment of the body, and as every change in the 
nomenclature of a distinct part ought always to be avoitled, unless pos- 
itively retpiired, through fear of creating confusion, wesliall not deviate 
on the pr<‘s<!nt occasion from the (istablished mode; but when speaking 
of it as a whole shall consider it the first segment, while the aggregation 
of segments of \vhich it is composed we shall designate individually 
segnieiits, distinguishing them numerically in the ord(‘r in which they 
ai)pear to exist in the earliest condition of the fodal larva.” 

If we a[)ply the law enunciated by Savigny, and which holds good as 
a rule throughout tin*, irexajxxl Insects, i. c., that eacdi segment of the 
body of insects bears but a single pair of jointed appendages, we find 
that as the head of insects is jU'ovided with four pairs of ai)i)endages, 
viz., the aiitenme, mandibles, first maxilhe, and labium (or second max- 
ilhc), there must be four corresjioiidiiig segments. 

While the subject becomes clearer when, with Newport, we examine 
an insect in the larva state, the fact that the head of insecds is really 
composed of but four segments becomes readily demonstrated when wo' 
examine the embryo at an early stage of its existimce. In our embryo- 
logical studies on the Thysaiiurous inseels (Lsotoma)^ on Neuropterous 
insects (lliplax), on the beetles and the Jh*aand llymenoptera (Neinf/iWxV 
ventricosus)^ our attention was specially directeil to this point, and it 
appeared very plain ami easily demonstrable that the head of winged 
insects of all orders consists of four segments (arthromeres) and no 
more.*®® , 

An inspection of the figures published by the dillerent writers on the 
embryology of insects appearji^to confirm this view, and in our ‘‘Guide 

" "" ' • ~ I — ~ ^ 

£mbryoloi;ical Studios on Biplax, Pcrithoinis, and the Thysanurous K<;nuH Isotoroa, by A. S. 
Packai'd, jr.; Memoirs Peab. Acad. Sc., Salem, 1871, p. 21; al.so Soeotul Memoir, 1872. This view was 
stated in tL6 autlior’s “ Guido to the Study of Inscct.s," second edition. Orabor (Dio lusektcn, Miiu- 
chen, 1870, p. 430) also states that the lirad is coaipoaod of four scginonts. 
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to the study of Insects” (p. 20) we have given a tabular view of the four 
isegments of the head and the appendages they bear. This view is fully 
coufirmed by our studies on the embryology of the locust; If the reader 
will turn to Plate XVIII, Fig. 2, he will see the order of succession of the 
antennaj and mouth-parts. It Avill be seen that the anteunm and mouth- 
parts are outgrowths budding out IVom the four i)rimit[ve segments of 
the headj that the antenna^, grow out (compare also PI. XVII I, Fig. 4) 
from the under side of the proce]>halic lobes, and that these sliould there- 
fore receive the name of anieniial lobes. In like manner the mandibles 
and first and second maxilhc arise respectively from the three succeeding 
segments. The figures by Jvowalevsky and llobretsky and by other 
observers, as w(*ll as (hose of the earliest stages of Di[)lax, Pulex, and 
Attelabiis which we liave ])ublished, show that the cephalic segments 
are first indicated, and that subs<‘qneutly the a])pendages bud out from 
the under side at a point situated on each side of the sternal or inediaii 
line of the body. It ap])eais that the apjiendages arise between the 
sternal and pleural portions of llie segment. 

There, however, remains a portion of the head in fnmt of the [iroe.ephalic 
or antennal lobes, Avhicb afterwards becomes the clypeus and labriun 
or upper lip. Do these parts belong to the antennal segment, or are 
they rudimentary portions of a segment situated in front of our first 
segments This lobe or outgrowth is evidently a single unpaired lobe 
which grows out in front of the antennal lobes, and is seen to form the 
front or upper wall of the mouth. AVe regard it as the tergal portion 
of the antennal segment, and the proccpluiliii lobt'.s as probably, forming 
the pleural t)ortion of the segment. The i)roe(‘phalic lobes, then, bear- 
ing theaiitennie below, and Iiigher up on the sides the eyes and ocelli, 
become the epic/raniurn of the larval and adult insoet. It follows, there- 
fore, that the head of larval and adult insects is made np mostly of the 
first or antennal segment, and that the epicraninni is the pleural portion 
of this segment, and the clyiiens, and its oll'shoot the laVnuin, is the 
dorsal or tergal portion of this segment. 

The only other portion of the head of certain adult inseets Avliich 
remains to be aceoiinted for is tlui so-called ‘^occiput.” This forms the 
base of the head of Corydalis, a Xeuroiiterous insect, which, liowever, is 
more distinct in the larva. In most olher insects the occiput is either 
obsolete or soldered to the hind part of the epicraniiim. We have traced 
the liistory of this piece (sclerite) in Diplax, a dragon lly, and have Ibimd 
that it represents the, tergal j)ortioii of the fourth or labial segment. In 
our memoir on the devtdopineiit of this dragon lly, PI. 2, Fig. 9 (com- 
pare also Fig. — in text), the head dr the embryo is seen to be divided 
into two regions, the anterior, formed of the first three segments, and 
the posterior,’ formed of the fourth or hibial segment. This postoral 
segment at first appears to be one of the thoracic segments, but is often 
added to the head. A , Brandt’s figure of Calopteryx virgo^ PI. II, Fig. 19, 
represents an embryo of a stage similar to ours, where the postoral or 
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fourth (labial) segfiuent is quite separate from the rest of the lioad. 


Fig. 11 (in text), copied from our Memoir, also 
shows in a saw fly larva (Kematm vcntricosus) tlie 
relations of the labial or fourth segnunit to the 
rest of the head. The sutun'. lad weeii the labial 
segment and the pre -oral part of the head disap- 
pears ill adult life. From this sketch it would 
seem that the back iiart of the head, ?*. c,j of the 
epicranium, may be made up in part of the tergito 
or pleurites of the mandibular segment, since the 
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mandibular muscles are inserted on the roof of the 


hIk in<; llio liil) 
•, foi iuiu'4; tho o' 


head behind the eyes. It is this segment which ‘h;. labni 

./ir/, inniKiiltlc , //ir/ot, iiiiiscli- 

in Corydalis evidently forms the occiput, and of s.nn**; ina^iiia; vix\ 

. . niaxillii (laliiiim) ; Of'if, ocsiopha- 

whicli in most other insects there is no trace in kus. 


larval or adult life. 

It appears, then, that the epicranium, or that iiiece (scleilte) bearing 
the eyes, ocelli, and aiitenme, and in front the clypeus and labrnm, is 
formed from the original proccphalic lob(‘S, and represents the first or 
antennal segment, and is pleural, the clyiieus and labnim being the ter- 
gal portion of the segment; while the remainder of the original or primi- 
tive segments are obsolete, except in those insects Avhich retain traces 
of an occiput or fourth cephalic tergite. All of the gnlar region of the 
head probably represents the base of the primitive second maxilhe. 



CHAPTER XI. 


THE SYSTEMATIC rOSITION OF THE OR J'lIOPTEKA IN BELATIQN TO 
O'J’HER ORDERS OF lNSl-:OrS. 

It may not be out of pbuie, considering the ainomit of si)ace given in 
the reports of tlie Commission to matters of a ]>ractical nature, and also 
taking into acconnt the i'aet that these re])orts are widely sent to ento- ' 
luologists, as well as to larniers and i>Ianters, to give the scientific reader 
a brief skcdeli or absl i act of the results of an examination of the ex- 
ternal anatomy of the Oi thoplera in general, of Avhicli tlie locust is a 
type. This we. liave attempted to do, but in undertaking this task we 
have been led ])errorce to examine those insects . alli(*d to the Ortho- 
ptera, i. the Cscu(loneiirot)tera and NeurojjttTa. This lias led us to 
review tlnj characteristics of the four lowest orders of winged insects. 
Tlie results of this revi<'w we here i)res(mt for tlu^ (tonsiileration of zool- 
ogists. i t is believ(‘d that so detailed a surv<‘y ol‘ the external anatomy, 
especially of the thorax, of so many forms has not been made before, 
although miKih more thorough and exhaustive studies on a few inse<its 
have been made by Audoiiin, MacLeay, Newi)orl:, Strauss- Durckheim, 
Hammond, and others. The results have led us to (piite ditferent e.ou- 
clusions respecting the classification of the Nenroptera and ()rtho]>t(‘ra, 
as originally limited by Liimieus, from those which we have heretofore 
held. Our work is based on the researche.s of Aiidouiu, MaeLeay, and 
Newport, and the terms hen». used will be found ex])laiued in their orig- 
inal works, as well as in the author’s “Guide to the Study of liiseets.’^ 
The reader is also referred to our acicouiit of the external anatomy of 
the locust in the Second lhq>ort of this Commission. 

Any one who has examined a cock iwch and a white ant, and seen 
how closely they resemble eacli other, must have felt that so far from 
representing two distinct orders, they ap[)ear i-ather to be ty])es of two 
allied families of the same order. Again, while the larval cockroach 
or larval Forficula closely resemble the Thysanurous Lepisma, oh the 
other hand a larval Ferla also nearly ai)proxi mates to a Lepisma. The 
explanation of these facts is to bo sought in the probable genealogical 
history of the Orthoptera, which, with the Pscudonenroi>tera and Der- 
matoptera, are evidently descend an t.*5 from an ancestral form like Le- 
pisina, their larvm closely resembling this Thysanuran. We have there- 
fore indicated in this chapter the i)robrtblc lines of descent from the 
I^rimiti ve by potheti cal Th y san ii ran. 

In making these stndies^ we liave, in order to be unbiased, disre- 
garded the works of others, and gone over the field anew, as if nothifig 
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had been done upon this subject. We have exainined the fnndamcnta 
oliara(jters of the head, thorax, and abdomen, i>oiiit8 nef?lected by most 
systematic writers, not spending much time on the peripheral, i, <?., the 
snperheial adaptive cliaracters of the mouth-parts, wings, and legs, 
which have been elaborated by systematic entomologists ; believing tliat 
by this method ])erha])s more thorougli and better grounded views might 
result,^ The outcome has been to lead us to .S(^i)araU‘ the ^^enroi)tera, as 
defined farther on, from tlie Pseiidoneiiroptera, and to regard tlieSe two 
groups, with the Orthoptera and Dermatoptera, as four orders of a ca te- 
gory which may be regarded as a snpeu-order, for whi(*h th(^ name /V///- 
lopfera is proposed, as these four orders are i)r(d>al>ly closely allied to, 
if not in some cases identical witli, the stem or ancestral groups from 
which ju'obably all the higher orders — tlie ITemiptera, Coleoplera, J)i- 
ptera, Lepidoj)tera, and Jlymeno])tera — have oi iginated. 

We will first bi'ielly summiiriz(‘ the characters asw(5 understand them 
of the riujlophira as a. whole.; then the distinguishing marks of the tour 
orders, tlien brietly discuss their probable genealogy, elosing witii a more 
extended though very condensed account of tin* essential [xHailiarities 
of structure of the familii's, as repr(‘sented by one or more of the typical 
gimera. 

Siiperordor IMIY 

The m()nth-])ar<s are free, adapted invariably for biting; the mandi- 
bles being tootlied and adapted for (diewing; tli(‘ first niaxilhe separate, 
with thre (3 divisions, the ontnr bearing usually fivc^-Jointed palpi; the 
second maxilhe united to form a labium, divided into a. snbmentum, 
mentiim, and lignla, the latter varying imudi, being either (deft (Pseudo- 
iieuroptera) or entire (>ieuro|)tera), and bearing usually a three-jointed 
palpus. This is the primitive, elennmtary (‘ondition of the Jiiouth-parts, 
and such as obtains in Coleoptemus larvic. The head is notable from 
the great development of the (‘pieraniiiin. The (dy])eiis is often divided 
into two portums, a ])()storior (post-clypeiis) and anterior (ante-clypeus); 
ill the othiM’ and high(*r orders tlic clypeus is entire. 

The prothorax is usually very large and sipian*, hut in a few fami- 
lies, as the Phryganeidse, Paiiorpidie, PsoeAdje, Libellulidic, and Ephe. 
nieridfb, it is small and eollar-lik(‘. There is a marked eipiality in size 
and form of the meso- and metathorax; in most Orthoptera and some 
Pseudoneuroptera and Neuroptera the metathorax is often even larger 
than the inesothorax; in tliis rcispcet the Vhyloptera differ from any of 
the higher Hexapoda. In both of the two hinder segments of the thorax 
tbefour tergal sclerites, viz: the pnescutuni,srntum, seutidlum, and post- 
scutellum, are each well developed, and more equably so than in the ^ 
higher orders. The scutum is deeply excavated in front to receive the 
often Aarge subtriaiigular or cordate pneseiitiim; ^ind in some genera 


^ From i/>vAor, gens, nation ; irrepoi^, -wing. 
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the scutum is, so to speak^ cleft in two by the meeting of the prmscutuin 
and scutellumJn the median line. The flanks of the thorax, or pleurites, 
are often very large, and the episternum and epimerum are broad, oblong, 
or squarish, and these sclerites are sometimes subdivided into an upper 
and lower division (supra- and infra- epimerum or ei)istermim). The 
sternum is often large, flat, and broad ; it is sometimes divided into a 
Sternum and pra'.steriium. 

The wings are usually net-veined, often with numerous longitftdinal 
veins, the branches of the subcostal, median, and snbmedian veins being 
either very long and parallel with the longitudinal axis of the wing, or 
numerous and small (especially in the hind wings of Orthoptera). 

The hind wings are oltbn (Orthoptera and () .)iiata) broader and 
larger than the anterior pair, the inetathorax in such cases being a little 
larger than the mesothorax. 

The abdomen has in this group, including represen tat iv^es of the 
Neuroptcra, Orthoptera, Dermato[)tera and rseudonciiroi)tera, besides 
a tenth, nearly complete s(?gment, the rudiments of an eleventh uro- 
mere,^^® represented by a tergite forming the suj)ra anal triangular plate. 
Well developed jointed cercoj)oda occur in the Ortlio])tera and Pseudo- 
neuroptera, while the forceps of Forlicula (Dermaloptera) are un- 
doubtedly modifi(Ml eercoi)oda. An ovipositor occurs in the Neuroptera 
(Panorpkhe) and Orthoptera. 

The auetamorphosis is incomplete in all the orders of Phyloptera ex- 
cept the more recent and higher order, i.e., the Neuroptera (in Erichson’s 
sense), in which the transformations are complete, the i)upa being qui- 
escent and wholly unlike the larva. 

The relative standing of the four orders of Phyloptera is shown in 
the table or genealogii^al tree of the winged insects on iiage 295. 

The sequence of the orders, such as wo are compelled to adoi>t in 
writing or speaking of them, is diflicult to decide upon, ileginning with 
what on the whole may be regarded as the lowest order, we might first 
take up the Derrnatoptera, Avhich are in most respects the most general- 
ized forms, and stand nearest to the Tbysaiiura (Jai)yx). 

l**irOMEXCLATUUK OF EXTEUXAL FAK'J'H OF AJlTIIKOrODA. — "i'lie followiii}; triiiia luivc bein (luvUed 
for convouivnee in anatomical aud Myatcniatic work ou the Arthropmla, and are Huhmiited for the jiidj'- 
ment of naturaliata. We have adopted mo»t of them in a luoiiograph of N. A. Phyllopoda, published 
in Hayden's Twelfth Animal Kepoi-t U. S. (leol. Surv. Terr., IflSU. 

The term arthromere, originally eiuiiloyod in tlio author’s "Oiiido to the Study of Tiiscets,” in 1800, 
Is now restricted to the hody-segineiits of Arthropo<1s, tlio ti rm suiiitu or somite being used for the 
body-segments of worms, etc., as well as Arthropods. Tlie "head," "thorax” and "abdomen " may bo 
termed respectively cephatonome, brenosoine (Gr. baino, to walk, locomotion), and urosome. The head- 
segments are termed cejihalomereg, the thoracic- scgmoiits bcenonteres^ iui<l tlio abiloininal uromeret,' 
For the antenna) the tenn agthopoda, aud lor the uiaudiblcs aud niaxillie the previously used torm 
gnathopoda is adopted. ■ * ' 

The thoracic logs aro termed hcenopoda^ and West wood’s term uropoda^ applied by him to the terminal 
pairs of feet of the Tetrad ecapoda, is extended to all abdominal feet of Artln-opods. The basal 
abdominal feet of male Decapo«la, modified as accessory I’eproductive organs, are termed, fur conveni- 
ence in descriptive carcinolugy, gonopoda, and tho Jointed anal ceroi of certain insects and of Apua 
are termed esreopoda tail; irov;, iro£df, foot). Tho^lements of the ovipositor or sting ai-o three 

pairs of blade-llko appendage!' which are homologaes of the legs; they may therefore be designated as 
olipoda, as they are ohiofiy’ concerned in eg^-lay lug; . 
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The following is the snccession of orders, placing the lowest upper- 
most : 

Dermatoptera Biirm. 

Orthoptera Linn. 

Faeudonc uroptera Erich son . 

Neuroptera Linn., restricted by Erichson. 

Before discussing the relative standing of these orders, we will briefly 
indicate the more salient and generally applicable differential charac- 
ters, especially what we regard as the more fundamental ones, but 
slightly touching upon the mouth-parts and wings, these being peri- 
pheral and more adaptive characters and liable to greatest variation, 
and being of less value in characterizing the orders of Phyloptera. 

Order 1. DERMATOPTERA. 

Forficula presents so many features separating it from the Ortho- 
ptera, and is so composite a form, that it should be regarded as the type 
of a distinct order, in which it was originally placed by Leach, Kirby, 
Burmeister, and Westwood. Its composite nature is seen both in the 
elytra and the hind wings, which anticipate the Coleopterous type of 
wings. On the other hand the larva resembles *Iapyx, the Thysaniiran, 
with its anal forceps, and in most resjiects Forficula is the lowest, 
most decided stem -form of the Phyloptera. 

The Dermatoi)tcra are characterized by the flatness of the body, and 
the large terminal forceps. The head is flat, horizontal in position, 
while tlie presence of the V-shaped epicranial suture is a sign of iiifcu'i- 
ority, as it is characteristic of Thysanura and Platyi)teran larvae as well 
as Coleopterous larvic. The remarkable thoracic structure, which is 
described farther on, as well as the curious overlapping of the abdom- 
inal tergites, forbid our uniting the Dermatoptera with the Orthoptera. 
The small, short elytra, and the very large, rounded, longitudinally and 
once-cross-folded hind wings, which remind us rather of the Coleoptera 
than Orthoptera, are also imi)ortant diagnostic features. Finally, the 
metamorphosis of the Derjnatoptera is even less complete than that of 
the Orthoptera. 

Theligula (PI. XXIir, Fig. (5) is bifid, being divided into a pair of two- 
jointed paraglossic. The labium is thus similar to that of the Ortho- 
ptera, though scarcely more like them than like Termes. 

Order 2. ORTHOPTERA. 

The head is more or loss vertical fii position; the front is very large, 
broad, and long, the ei)icrauial region very large and often hypertro[)hied. 
The clypeus is large and subdivided as in Pseudoneuroi»tcra. In the 
Orthoptera, as a rule, the deeply-cleft ligula is indistinctly lour lobetl, 
the outer pair of paragloss® very well developed, while the inner pair 
is. minute or undeveloped, as in the Acrydii, especially Oalopteuus; 

19 E 0 
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but in the Lbcustariae the ligula is four-lobed^ and in the Gryllidao 
decidedly so. In the Maiitid(e and Blattari^e the ligula is plainly four- 
lobed, nearly as much so as in the Termitidse. In the Phasrnidse the 
ligula is iiiterniediate in form between the Mantidm and Locustarias. 

The prothorax is usually remarkably large, particularly tbe notum. 
The meso- and metanotiim exactly repeat each other, and the metanotuin 
is usually ( Acrydii and Locustariic) longer and larger than the mesono- 
tum, the hind wings being almost uniformly much largerthau the anterior 
pair. The pleurites are very large and square as well as high, the epi- 
steniaand epimera being large and oblong and equally developed. The 
sternites are very large and broad. The coxm are sometimes (Blatta) very 
large; the hind legs in the Acrydii are much larger than the anterior 
pairs. The fore wings are narrower than the hinder pair, and show a 
slight tendency to become subely triform ; on the other hand the hind 
wings are very large and broad, distinctly net-veined, with numerous 
longitudinal veins, and they fold up longitudinally. 

The abdomen has eleven uromeres, the eleventh forming a triangular 
tergite. The cercopoda are often (BlattJi, Mantis, &c.) multi-articulate 
and well developed, while the ovipositor is often large and perfect. The 
metamorphosis is more incomplete than in the Pseudoneuroptera. 

With the exclusion of the Porficularim, the Orthoptera, as here re- 
stricted, are a tolerably well circumscribed group; and though there 
are great structural ditterenees between the families, yet the connection 
or sequence of the families from the Blattarice through the Phasmidm 
and Mantidie and Acrydii to the Locustarim, and, finally, the highest 
farnil^^, the Gr^dlidie, is one which can be distinctly perceived. There 
is no occasion for a subdivision of the order into groups higher than 
families, as the Blattari;e are but a family removed from the Mautidae. 

Order 3. rSEUIJONBUJiOPTERA Erichson. 

It is difficult, if not impossible, to sjitisfactorily characterize by a 
sharp-cut definition this very elastic order. As regards the thorax^ 
there is no uniformity in the structure that w^e have been able to dis- 
cover, nor is there in the structure of the wings, nor more than a gen- 
eral resemblance in the mouth-parts. 

The definition of the Pseudoneuroptera in nageii’a Synoi)8is of the Neu- 
roptera of Korth America, as given in the analytical table, which is stated 
lU a foot-note to have been prepared at the request of the Smithsonian lu- 
stituiion by Baron Osten Sacken, gives no fundamental characters based 
on a study of the trunk. Those mentioned are what we have called peri- 
pheral characters, i. e., those drawn from the mouth-parts, wings, and ap- 
pendages. So far as we know, no satisfactory definition of the Psendo- 
neuroptera has ever been given. Ifi Hagen’s Synopsis^ among the 
other superficial characters given, are these: “Lower lip. mostly cleft”; 
“antcnnm either sifoulate and thin, the tarsi three- to five- articulate; or 
setiform, or filiform, in which case the tarsi are two- to four- articulate.” 
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These cliaraeters, though superficial, are the/ most important yet pre- 
sented, perhaps (disregarding the metamorphosis), for separating the 
Pseudoneuroptera from the genuine Neuroptera, But the cleft labium 
is also to be found in Orthoptera; and among the Orthoptera, which 
usually have five-jointed tarsi, the Mantidfle have four tarsal joints. The 
Perlidre, Odonata, and Epheinerina . have been, by Gerstiic.Uer (Peters 
and Cams’ Zoologie), associated with the Orthoptera- under the name 
Orthoptera ampliibiotica, but such an alliance does not seem to ns to be 
entirely a natural or convenient one; it is simply transferring a mass 
of heterogeneous forms to what, as now limited, is a natural and well 
circumscribed category, and yet we confess that it is difficult to give 
diagnostic adult characters separating the l^seudoneuroptera from the 
Orthoptera, though the general facies of the Orthoptera is quite unlike 
that of the the Pseudoneuroptera. 

In the Pseudoneuroptera, beginning with the more generalized forms, 
the Perluhe and Tormitidic, the labium (second maxillae) is deeidy cleft, 
the cleft not, however, in these or any other insects, extending to the 
► mentum, or even clear through the palpiger. Each lobe is also cleft, 
so that the ligula is really four-lobed ; the outer lobes are called by 
Gerstiicker*^^ the ^Mamina externa,” and the inner the “lamina interna.’^ 
These tingcr-shai)ed, non-articulated, fieshy lobes appear to be homolo- 
gous with, or at least suggest the outer pair of, paraglossm of the Cole- 
optera and iryinenoptera. In the Perlidse (PI. XL, fig. 6) the four 
lobes of the ligula are well developed, and the lobes of the inner pair 
are broader than the outer. In the Termitiche (PI. XLI, ligs. 3, 3) the 
lobes arc well developed, but the inner pair of lobes is eitlier one-half 
or not quite so wide as the outer panaglossre ; the palpiger is cleft. In 
the Einbida^, according to Savigiiy’s figures, the ligula is four-lobed, but 
the inner pair is narrow and rudimentary. 

In the Odonata, according to Gerstacker’s excellent drawings, the 
ligula varies much. In Goinphus it is entire; in some of the higher 
Libellulime only two-lobed ; but in -^jschna it is four-lobed, the outer 
lobe slender, but separate from the ])alpus. In Calojjteryx the ligula is 
widely cleft, the two inner lobes are wide apart, while the outer pair 
is consolidated with the labial palpi. Owing to the specialized nature 
of the labial palpi, the mouth-parts of the Odonata are sulliciently sui 
generis and distinctive to prevent their being placed among the Ortho- 
ptera, even if the thorax were not so dissimilar. In the aborted labium 
and other mouth-parts of the Epheinerina we also have strongly-marked 
characteristics forbidding their being placed in the Orthoptera; were it 
not for the strong resemblance of the Termitidie to 'the Orthoptera 
(Blattarise,) probably no one would have thought of carrying the Pseudo- 
neuroptera over into the Ortho\)tera. 

The relative proportion of the head and sclerites varies greatly; no 

** ZuT Morpliolo{;ie dcr Orthoptera eniphibiotica. Aus der FeHtsckiirt ziir CiCHellsch. Natur 
forsch. Freuude, 1873. 
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general rule can be laid down as to the relative proportions of the epi- 
cranium and of ttie clj-peiis, or of the gular region. 

On this account I had at one time decided to split the group into two, 
and to restrict Erichson’s Pseitdoneuroplera to the Platyptera,’" and to 
adopt Latreille^s term Snhulicornia for the Odonata and Ephemerina 
(SubuHcornes of Latreille). It may, however, be best, for the sake of 
clearness, to retain Erich son’s order Pseudoneiiroptera as he indicated 
it, and to dismember it into what .may be regarded, provisionally at 
least, as three suborders : 

1. Plaiyptera (Termitidse, Einbid®, Psocidm, and Perlid® :=Corroden- 
tia and Orthoptera amphibiotica in part). 

2. Odonata (Libellulid®). 

3. Pphemerina (Ephemerid®). 

It is comparatively easy to give well grounded differential characters 
for these three suborders. They are so distinct that they may perhaps 
hereafter be regarded as entitled to the rank of orders, or the Pseudo* 
neuroptera may be dismembered into the Pseudoneuroptera andSubuli- 
coriiia (Odonata and Ephemerina). 

1. Pldtyptera. — The body is flattened; the head horizontal. The pro- 
uotum is large, broad, and square. The meso- and metanotum are re- 
markable on account of the imperfect differentiation of the scutum and 
scutelluin ; the latter is indefinite in outline, but very largo. The flanks 
(pleiirites) are, when long, oblique, or arc short. The sternites are usu- 
ally very large and broad. There are often eleven uromcres. 

2. Odonata, — While the Odonata and Ephemerina are somewhat alike 
as regards the form and venation of the fore wings, in their mouth-parts 
and thorax they are entirely unlike. The Odonata are remarkable for 
the great dorsal (tergal) development of the mesepisterna and the enor- 
mous development of the meso- and metapleurites in general, while 
the notiim of the meso- and inetathorax, though of the same type as the 
Orthoptera, is minute in size. The prothorax is very small, both dor- 
sally and on the sides, forming a collar. 

The wings are as markedly net-veined as in the Orthoptera, though 
the hinder pair are not folded longitudinally as in that order. The 
Odonata literally live on the wing, and thu^ the shape of the sclerites 
of the notum of the wing-bearing segments approaches that of the 
Orlhoptera, although the prothorax is remarkably small compared with 
that of the Orthoptera, and forbids their union with this order, as was 
done by Gerstiicker aiuLother German entomologists. The head of the 
Odonata is remarkable for the enormous size of the eyes and the con- 
sequent great 'reduction in size o^ the epicranium, as compared with 
the large epicranium of the Orthoptera. The mouth- parts are like 
those of the Orthoptera, except that 'the second maxill® form a re- 

14" This namo iHng, iu nlliiaion to the wings which in the rnsjority (the Psooldfe 

fultling thoir wings rather roof-like) fold their wings fiat on the back. The Uon^Ara of Br^i6 couiprise 
the Teruiitidie alone. 
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markable, mask-like labium. The abdomen is very long, slender and 
cylindrical ; there are eleven uromeres, the eleventh being well repre- 
sented, while the cercopoda are not jointed, but in the form of claspers. 

3. Ephemerina . — In the small ex>icranium, and the large male eyes, the 
Ephemerina resemble the Odonata, though the riulimeiitary mouth- 
X)arts are in jdaii entirely unlike them. So, also, the prothorax is small 
and annular, but the subspherical, concentrated thorax is remarkable for 
the large mesothorax and the small metathorax. lienee the hind wings 
are small and sometimes obsolete. The long, slender abdomen has ten 
uromeres, and bears, besides the two long, filaniental multi articulate 
cercox)oda, a third median one. 

The larvje of the lower Odonata and of the Etdiemeridie closely ap- 
proach in form those of the Perlidm, showing that the three suborders 
here mentioned probably had a common ancestry, which can be theo- 
retically traced to a form not remote trom Camx)odea. By reason of the 
general resemblance of the larval forms of these three suborders it would 
be inadvisable to se])arate the Odonata and Ephemerina from the Pla- 
typtera, although, when we consider the adult forms alone, there would 
appear to be some grounds for sucli a division. 

Order 4. NEUllOPTEKA. 

The head is horizontal and somewhat llattened, except in the Trich- 
optera and Panorpidie, where it is siibsiiherical and vertical. The body 
shows a tendency to be round or cylindrical, the tliorax being more or 
less spherical, but there is great diversity in form from the Sialidm. to 
the Tricboptera. The month-parts are free and the mandibles well de- 
veloped, except in the Trichoptera, where the mandibles are nearly 
obsolete in form, and functionless, thus suggesting or aiiticii)ating the 
Lepidoptera. 

In the Nouroptcra the ligula is entirely unlike any of the foregoing 
and lower groups. It is entire, forming a broad, Hat, large, rounded 
lobe; it is largest in Myrmeleon, Ascalaphus, and Mantispa, but smaller 
in Corydalis, where it is also narrower, and indented on the front edge. 

In Panorpa the liguhi is minute, rudimentary (PI, LIX, fig. 7). In 
the Trichoptera it is also minute and rudimentary (PI. LIX, fig. 5). 

The prothorax is usually (Plauii^ennia) large, broad, and square, but 
is ring- or collar-like in the Trichoi)tera, being short and small, much 
as in Lepidoi)tera. Except in the Trichoi)tera, the meso- and inetanotum 
are characterized by the large, cordate i)rjescutum, and in the Hemero- 
bina the metascutum is i)artially ol (in Ascalaphus) wholly cleft, the 
prtescutum and scutellum meeting on the median lino of the thorax. 

In the Hemerobina and Sialidde the metathorax is as large, or nearly 
as large, as the mesothorax, and the hind wings are as large as the 
anterior pair. The wings are not net- veined, the type of venation being 
entirely unlike that of the Orthoptera and Pseudoneurox)tera. The 
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costal space is wide and well marked, and the transverse veinlets are 
few and far apart, compared with the two orders just mentioned. 

The abdomen is cylindrical, and there are 9-10 uromeres. The ovi- 
positor is only developed in llapliidia, while the cercopoda are not 
developed. The metamorphosis is complete, as in the Lepidoptera, etc., 
the pupa being* entirely unlike the larva, and quiescent, often protected 
by a cocoon or case. The order may be divided into two suborders: 

1. Planij:ennia (Siivlidie, Ilemorobiidfc, Panorpidte). ^ 

2. Trichoptera (Phrygaiieidm). 

The following tabular view and diagram will in a degree express our 
views as to the classiiicaticm of the orders of the IJexapodoiis or winged 
insects, with especial reference to the Pseudoueuroptera, the order per- 
haps the most ditlicnlt to bring in relation with the otlier Phyloptera. 
The diagram will also serve to express our conceptions of the genealogy 
of the Hexapodous orders. 


View of the grand divmons of winged insecle (Ilexapoda). 
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C Cobfoptera (gcimina). 
( StrciMiptera. 

nioin(»)>tera. 

1 lleteri»pt.era. 

Physapoda. 

(, Mallophaga. 


Phyloptera 


Synnptcra*^. 


^Neui*optera 

^ rseudouo.iiroptcia 

I Orthoptcra 

Deriimtoptera 

Thysauura 


^ Trichoptera. 
\ Plaiiipriinia. 

( Odoiiata. 

< Kpliuiiieriiia. 
( Platyptera. 



Wo propose the name Euglossata for tho highest insects, coruprising tlif>so orders which, besides 
having the nuiiith parts (either the tirst or second inaxillw, or both) luoditied so us to sip, suck or lap 
up liipiid food, also have tho body cylindrical, and the thorax more or less spboricaland concentrateu. 

*^='Tlii8 term is proposed for tho Coleojitera, wliich arc nearly oqiiiv.'ilont to the other snperorders, 
being a remarkably circuniscribed group. 

i^Tbis tenn is proposed for the llemiptcra, in all of which, except the Mallophaga andPhysapoda 
(Thrins), tho mouth parts are united to form a sucking beak. 

144 tenn is nroposeil for tho Tliysantiran apterous iioxaiiods which are perhaps nearly the mor- 
phological equivaleuis of either of tho four other supororders. 
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X. Htmenoptbba. 


iil 
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TV. PSKUDONEUIIOPTERA. 


II. Deumatop’^kba.. 


Metohola. 



I. Thysanuka. 
(C.'iinpodea.) 


CrENEALOaY OF THE HBXAPODA. 

I. Tliymnura . — This order once comprised some lost types nearly re- 
sembling Lepisma, Campodea, and Japyx, and more especially Scolopen- 
drella, the probable stem-form of the Hexapoda. In other words, from a 
hypothetical form resembling CamiTodea or Scolopeiidrella, it is not diffi- 
cult to suppose that all or at least the majority of Hexapoda took their 
origin. It is possible that by a few intermediate steps now lost, Forfi- 
cula may have descended from the Thysaniiran Japyx ; this is suggested 
by the form of the body, the head with its V-shapcd suture, and the ab- 
domen with its forceps, so like that of Japyx. The genus Lepisma is a 
rather more specialized form than Campodea, and Machilis is still more 
so, as proved by its mouth parts and the presence of compound eyes. 
Scolopendrella, with its abdominal true legs, comes nearer to our hypo- 
thetical form than even Campodea. The grou]> of Foduridoi [GoWam- 
bola) is most probably a series of degradational forms, originally sprung 
from a higher, more generalized, Campodea ! ike ancestor. 

II. Dtrmatoptera , — This order, represented by bAt one family, diifers, 
as already stated, from the Orthoptera, with which it is usually classi- 
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fled, much more tbau the Termitidse. It stands alone, and, as observed, 
its larvJB closely resemble the Thysanuran Japyx. 

III. Orthoptera . — After the eliiiiinatiou of the Forficulid® from the 
Ortlioptera, we have a natural and easily circumscribed group. Begiu- 
uiiig with decidedly the most generalized and at the same time low'est 
family, the Bhittari®, followed by the Mantid®, which have a number of 
characters which recall the Blattari®, we pass up through the Phasraid® 
to the typical family, the Acrydii; then succeed the Locustarite, and 
finally the Gryllidie, which on the whole are farthest removed from the 
stem-forms of the order, the Cockroaches. The close resemblance of a 
larval Cockroach to Lepisma indicates the direct descent of the Ortho- 
ptera from the Cinurous Thysanura. 

IV. Pseudoneuroptera . — This is the most heterogeneous order or as- 
semblage of insects. While it is comparatively easy to circumscribe 
the Neuroptera (taken in Erichson’s sense), and the Orthoptera as here 
restricted, the group Pseudoneuroptera is remarkably heterogeneous and 
elastic. We have failed to satisfactorily diagnose the order as a whole. 
The Termiti<l® connect the Orthoptera and Pseudoneuroptera so closely 
that, excepting in the wings and other peri})heral characters, thej" seem 
but a family removed from the Blattari®. For example, the Termitid® 
resemble the Blattari® in the form of the epicraniiirn, in the clypeiis, 
which is but partially diflerentiatcd at the base from the epicranium, in 
tlie form of the labrum, and the small eyes as well as the mouth-]»arts. 

In the thorax the Termitid® approach the Blattarife in the undifter- 
entiated scuta of the ineso- and metathorax; while the xileurites are 
also very oblique and the femora are fiattened and ovate in form, as in 
Blatta. In the abdomen, as regards the form of thetergiles, as well as 
the urites and pleurites, besi<lea the form of the end of the abdomen and 
of the cercopoda, the Termitid® closely approach the Blattari®. The 
degree of metamori)hosis is also the same. 

On the other hand, the close relationshii) of the Termitidic to the 
Embid®, as well as to the Psocid® and .also the Perlid®, and the close 
resemblance of the Perlid larv® to those of Odonata and Ei)hemeriua, 
forbid our ren^oving the Platyptera from the Pseu<loncuroptera. 

We conclude, then, that the Ephemerina, Odonata, Platyptera, as 
well as Orthoptera and Dermatoptera have had a common origin from 
some Thys<anuran stock. It is possible that these live groups are nearly 
equivalent and should take the rank of orders, but the classification we 
have given in the tabular view on p. 294 may better express their rela- 
tions. 

The Odonata and Ephemerina art^, as regards the wings and meta- 
morphosis, a good deal alike. The Ephemerina, while having a highly 
concentrated thorax, are, as regards the mouth-parts and hind wings, 
degradational forms, the result of probable degeneration from a primi- 
tive, lost form. From what group the Ephemerina may have originated 
it seems to us impossible to conjecture. 
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V. Hemiptera. — ^Theonly clew to the origin of this well circumscribed 
order is the fact that in the Physapoda (Thrips) and the Mallbphaga 
the mandibles are free and adapted for biting. This would indicate that 
the entire group was derived from ancestors allied possibly to the Phy- 
loptera. The Mallophaga are by ditterent authors referred to the Or- 
thoptera and Neuroptera, but the developinent of the bird-lice as worked 
out by Mclnikow fully proves that in the form of the egg, the mode of de- 
velopment, and general form of the embryo, the Parasitaaiid Mallophaga 
travel along the same developmental path until just before hatching, 
when in Mallophaga the jaws remain free, while in the Parasita they be- 
come farther modified and form a sucking beak. 

There is a possibility that the Hemiptera may have descended from in- 
sects remotely allied to the Pseiidoueuroptera: perhaps forms resembling 
the Psocidm; at least this family, the wingless forms of which superfl- 
cially resemble the Mallophjiga, gives hints which may throw liglit on 
the origin of the Hemiptera. They are evidently the offshoot of a stock 
which had an incomplete metamorphosis, or they may have descended 
directly from a modified Campodea-like ancestral form. 

VI. Neuroptera . — The members of this order are, excepting perhaps 
the Hemiptera, the most modern and least composite or synthetic forms 
that we have yet met with in our ascent up the insect series from the 
Thystinura. Moreover, in them for the first time do wo meet with worm- 
like, cylindrical-bodied larvae, or wliat we have called cruciform larvaj.*^® 
These larvie are secondary forms, derived, fis Fritz Milller has in a gen- 
eral way suggested, from those larvje which have an incomplete metamor- 
X)hosis. By what line of descent, however, the lowest group of Neuro- 
ptera, viz., the SialidiC, arose, it would be difficult to say. The earliest 
winged insects were probably terrestrial ; the aquatic larval forms of the 
Sialid® are evidently derivations from Oami)odea-like terrestrial larvjc. 
But how the perfect metamorphosis with the quiescent pupa of the Neu- 
roptera was brought about, is indeed a i)roblcm. It is evident, however, 
that the eruciform larva is a derivation from a Thysanuriform type, 
first stated by Fritz Muller. 

It seems to us that a consideration of the diverse larval forms which 
occur in the present order, throws some light on the origin of a com- 
plete metamorphosis in insects in general. In the Sialid®, as the larva 
of Corydalus, or Semblis, we have a Cainpodea-form provided with gills, 
and with the mouth-x)arts adapted for seizing and biting its prey. The 
terrestrial larvm of the Hemerobiid® are evidently modifications of the 
Sialid larvfil form ; the ditferences of structure in them, such as the long, 

*"See “Oiir Common InaectH," p. 175, 187.3. Also llie American Naturalist, vol. V, Sept. 1871. 

i«W’o have in the wdtinji's just quoted called the second class of larvro Leptifonn, but the term 
ThyBaiiurifonu, or Brauer’s expression CaiiiV>dea-fonn, is preferable. The Campodon or primilive 
Hexapodous form is evidently a derivative form, -which points hack to a common six-footed ancestor of 
all Tracbeuta, to which the term Lepti/orm may be applied. 
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slender mandibles and maxillm and the short abdomen, being the result 
of their carnivorous habits, and their being obliged to climb up the stems 
of plants or to walk over the leaves after smaller insects. Under such 
circumstances the body would become shorter and more concentrated, and 
the legs well developed. In tlie Trichoptera, whose larvm live in cylin- 
drical cases, the body is seen to be essentially Cainpodea-like; the hesid 
is fundamentally like that of Corydalis ; the diderenees are adaptive. 

But when we regard the larva of the Panorpidm, we are dealing with 
a new type; it is caterpillar-like, cruciform; its body is slender and cy- 
lindrical, the head small, and feet short and small. Notice also its 
habits. The larva of Fanorpa communis of Europe, as described by 
Brauer,“' is remarkably caterpillar-like or eruciform. The head is small, 
well rounded, and the antennae and mouth-parts are small and rudimen- 
tary, compared with those of other Neuroptcra, not excepting the Trich- 
optera. Moreover, they are constructed on nearly the same type as 
those of caterpillars; for example, the mandibles are sliort, toothed, of 
the same form as in Lepidopterous larvm; the maxillie are short, and 
whether more than two-lobed Brauer does not state, though his figure 
indicates apparently a rudimentary third lobe; the palpi are lour-jointed, 
while the labium is small with small three-jointed palpi. 

The form of the body is thick and stout, like that of a Bombycid 
(Arctian) larva. The short, four-jointed thoracic feet are in length and 
thickuess like those of caterpillars. But the most striking resemblance 
to caterpillars and saw-fly larvje is seen in the eight pairs of abdomi- 
nal feet, which Brauer describes as conical or pin-shaped (kegelfbr- 
mig), while on the last (ninth or tenth ?) segment are four finger-shaped, 
equal processes. Not only the form of the body, but also the arrange- 
ment and sha])e of the button-like setiferous warts on the body are 
strikingly like those of some Arctian caterpillars. The pupa has free 
limbs and wings as in other Neuroptera. The larva of Banorpa bores 
an inch deep into moss-covered, not wet soil. 

The larvae of Bittacus (B. italicus and hagenii)^ as also described and 
figured by Brauer, have a rounded head, with small mouth-parts; the 
• mandibles are, however, rather long, compared with those of Panorpa; 
Avhile the maxillm have apparently two inner short lobes, and a four- 
jointed, short maxillary palpus; the labium is rudimentary, with a pair 
of short, minute, two-jointed palpi. The body is not so thick as in Pa- 
norpa; it is cylindrical and adorned with long, scattered, dorsal spines, 
which bear one or two branches near the base, while there is a lateral 
row of slender filaments, and a row of ventral verticillate hairs. It thus 
bears a resemblance to the larvae of i^ome butterflies, as Vanessa antiopaj 
and especially the young Polyommatus {Ueodes hypophleas) or the Bom- 
bycid larvm of Anisota stigma or Phvtysamia, as well as Selandria 

Sii /.iingHbericbto matli.-naturw. CIobbo k. AkaA. Wiss., Wien, 1851, Tafel 1. 

1411 v^.rhaiidluDgeiM£. k. zool.-bot. GeaeUacliaft in' Wien, 1871. 
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larvsB. Braner’s figures show a pair of abdominal, two-joiiited feet to 
each of the niue abdominal segments, while just as in Lepidopterous 
larvm and in that of Panorpa there is a pair of prothoracic spiracles, 
none on the mesothoracic or motathoracic segments, and there are nine 
pairs of abdominal spiracles according to Brauer’s figure, or one more 
pair than in Lepidopterous larvse. 

The fact that there are in the larval Paiiorpidie collectively a i)air of feet 
to each abdominal segment (the terminal segment in Panorpa bearing 
what are evidently hoinologues of the anal x)roplegs of caterpillars) is 
of much significance when we bear in mind thaf while no caterpillars are 
known to have more than five pairs of abdominal or proidegs, some of 
the segments bearing none, yet the embryos, as shown by Kowalcvsky, 
have temporary embryonic indications of legs, a pair to eacli segment 
(uromere); it is a significant fact that the eruci form larvaj of the Panor- 
pidm actually have two-jointed legs to each abdominal segment, the 
penultimate segment in Bittaciis bearing such legs, and tlie terminal seg- 
ment bearing leg-like i)rocesses in Panorpa. The origin of the Lepi- 
doptera from the same stem-form as the Paiiorpidie thus seems a rea- 
sonable liypotbesis. 

In the metamoriihosis of Mantispa, as Hrauer has shown, there is a 
hypermetainorphosis, i, e., two larval stages. The first stage is Campodea- 
forin 5 but the second is sub-ernciform. The transformations of Mantispa 
appear to give us tlie key to the mode in which a metamorphosis was 
brought about. The larva, born a Camiiodea like form, active, with large, 
long, four-jointed feet, living a sedentary life in the egg-sac of a spider, be- 
fore the first molt loses the use of its feet, wliile the antenna', are partly 
aborted. The fully grown larva is round-bodied, witli small, caterpillar- 
like feet and a small, round head. Its external appendages retrograding 
and retarded, acceleration of growth goes on within, and thus the impal 
form is perfected while the larva is full-fed and qiiieseent; hence as a 
result the pupal stage became a quiescent one, and by inheritance it grad- 
ually became a permanent habit characteristic of Neiiroptera, all of which 
have a complete metamorpliosis, and hence inherited by all the orders of 
metabolic insects which iirobably originated from Neuroptcra-like forms, 
and the imago represents a highly accelerated stage. 

When we consider the imagos or adult Ncuroptora: the small, collar- 
like prothorax, the spherical, concentrated thorax as a whole, an<l the 
cylindrical abdomen, are features which give them a comparatively spe- 
cialized and modern aspect. Without douUt the Neuropterous labium 
(Plate LIIl) is a secondary product comiiared with that of the Orthoptera 
or the Platyptera, where it is deejMy cleft (Plate XXVII.) It will be re- 
membered that iu the embryo of all insects the labium or second inaxillie 
originates like the first pair. '' 

Origin of the Coleoptera , — Although the beetles are a remarkably 
homogeneous and well circumscribed order, there are certain larval 
forms and life-histories which point out with a tolerable degree of cer- 
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tainty the line of development of this extensive order from the* Gam- 
podea type. There are two series of facts which seem to us to throw 
light on the subject. 

First, the form of the free, active larvm of the carnivorous groups of 
beetles. The larvieof theGarabidsCjDytiscid® and StaphylinidsB appear 
to us to be on the whole more nearlj^ allied to what was probably the pri mi- 
tive ibrin of Coleopterous larva than those of any other families. This 
ancestral Coleopterous larva was probably directly related to the Caiiipo- 
dea-fonii ancestor of the ilexapoda. The general form of the body, the 
homonomous segments, t^e free, biting, toothed mandibles, the well-de- 
veloped one- or two-lobed inaxillm with their three-jointed i)alpi, and the 
well-developed second maxilhe (labium), also the four-jointed antennae, 
and the presence of ocelli, while showing that the existing carnivorous 
larvaj are the most specialized and highly developed, also show that 
they have undergone the least modification from the primitive type of 
Coleopterous larva. In the scavenger larval forms, as the Silphidm, Der- 
mestidm and allied families, the mouth-parts begin to be modified and 
less developed, and the form of the body undergoes a change, becoming 
thicker and with less developed feet. 

In the Elateridm and Scarabmidie, which in general are phytopha- 
gous, we see a still more decided change; the body becoming cylindrical 
and the mouth-iiarts more aberrant. 

In the wood-boring Buprestidm and Cerambycidm, and in the leaf- 
eatiiig Chrysomelid larvm, we witness a decided departure from the 
carnivorous type; the mouth-parts show a tendency to become more or 
less aborted, the legs arc frecpiently wanting and the body more or less 
maggot- li ke. Finally, the tendency to a grad ual degradation and atrophy 
of the head, mouth-iiarts and legs culminates in the grubs of the weevils 
(Curculioiiidm and Scolytidm), placing them at the foot of the Cole- 
opterous series, and shows that they have undergone the greatest modi- 
fication of form, and have become adapted to conditions the most unlike 
those which constituted the environment of the primitive Coleopterous 
larva. 

The relative form of the inaxill® appears to be a good index as to the 
general development of the body in the different groups of Coleoptera, 
especially those standing above the wood-boring families. The facts 
may, for convenience, be arranged in the following form : 

Gicindelidee . — Maxilla with a maxillary lobe or mala i>roper ending in 
a 2-joiated appendage which is longer than the 3-joiiited palpus. (An- 
teniim 4 jointed; 3 ocelli.) 

Carahidw . — Maxilla with the mal& 2-jointed; maxillary palpus 4- 
jointed. (AntennaB 4-jointed, bifurcate; ocelli often present.) 

DytiHcidce (and Hydradeidiaga in general). — Maxilla with the mala 
absent; the yialpi 4-jointed. 

The maxilla in the aquatic 'forms of the Carabid type is only a modi- 
fication of tlie Geodephagous maxilla; the terminal palpal joint being 
acute and raptorial. 
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Staphylinid(B.—M. 2 i\\\\iSk with, a 1-join ted inner lobe (Xantholinua), or 
the mala broad and aetose aa in the aucceeding* families (Platystethus 
and especially Bledius); maxillary palpi 3- and 4 j<»iiited. 

The Staphylinid type of maxilla is aiinidy a modilication of the Cara- 
bid, with a tendency to degeneration in the lower genera (lUedius, etc). 
Many larvae in this family are carnivorous. 

Materidce . — Maxilla with a 2-jointed lobe or mala; the maxillary 
palpus 4 jointcd. Antenum 4 jointed, bifurcate as in Carabid larvm; 
mandibles toothed. The maxillm of Elater and Athous are free. W bile 
generally supposed to bo vegetable-eaters (aj^Agriotes), those larvae 
which live under the bark of trees in mines made by Longicorn and 
other borers have been shown by iiatzeburg, Dufour and Perris to be in 
part carnivorous, living on Dipterous and Longicorn larvae, as well as on 
the excrementitious vegetable matter filling the burrows. Perris {Innectes 
du Pin maritime^ p. 190) has pointed out the close resemblance of the 
mouth-parts of this family to those of the larval Garabidic. 

In the Scarabaiidie, Buprestidm, and all the lower families of Ooleo- 
ptera, the maxilhe are of a rather simplei tyi)e thaii in the foregoing fam- 
ilies; the maxillary lobe, orjnala, being simple and more or less fringed 
with stiff hairs. In the Scarabmidm (Osmoderma), and in Pyrochroa, 
which is carnivorous, the mouth*parts are as complicated as in any; 
but in the Buprestidie and Chrysomelidm they are l(‘ss developed, 
while they are most rudimentary in form and size in the wood-boring 
weevils and Scolytids; the antenmie and second maxillm and legs also 
share in the degradation of structure consequent on the burrowing lig- 
nivoroua habits of the larvm. 

But it is in the so-called hypermetamorphosis of the Meloidm, that of 
the blister beetle (Epicaiita) as well as Ilornia liaving been fully de- 
scribed and illustrated by Professor Kiley in the First Iteport of the 
United States Entomological Commission (p. 297-302, PI. lY), that we 
have a clew to the probable origin of the different types of Coleoi)teroiis 
larvsB. The metamorphosis of the oil beetle (Meloc) originally dis- 
covered by Siebold and Newport and also Fabre, is described in 
diff'erent entomological manuals.**® In brief, the larvm of Meloe when 
hatched are very minute, active, six-legged, slender-bodied creatures, 
parasitic on wild bees ; as the legs end in three claws tlie insects in this 
stage are called “ triungulins." These larvm attached to the bees are thus 
carried into the nests of the latter, where they feed on the bee-larv® and 
bee-bread. On becoming fully fed, instead of transforming directly into 
the pupa state, they assume a second (coarctate) larval form, entirely 
unlike the first, the body being cylindrical and motionless, with long 
legs; they then attain a third larval stage, theliead small and the body 
thick, cylindrical and footless ;^after this they assume a true pupa stage, 
and finally become beetles^ 

Professor Biley has traced the hypermetamorphosis of the blister 

*^See the writer’s “ Guide to the Study of lusects,” pp. 477-470, figs. 447*451. 
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beetle (Epicauta)^ which passes through three larval stages before 
transforming to a pupa. He divides the life-history of this beetle into 
the following stages: (1) Triungulin; (2) second larva (a, Oarabidoid ; 

ultimate or Scarabjeidoid stage); (3) pseudo-pupa, or coarctate larva j 

(4) third larva (closely resembling the Scarabseidoid stage of second); 

(5) true pupa ; (6) beetle. (The reiider should examine the figures in PI. 
IV of the First Report ; otherwise he cannot understand the following 
remarks.) 

It J\ppears, then, that the first larva, or triungulin, in form resembles 
the Campodea-like prifiiitive larval form of Coleoi)tera; the Epicauta 
triungulin closely resembles a Carabid larv^a, the head, antennsB, and 
month-parts, as well as the legs and form of the body in general, being 
on the primitive, (Jarabid type (somewhat like Casnonia (f), Galerita 
and Uarxmhis); the second larva, a, Carabidoid stage, though quite 
different as regards the mouth-parts, and with a smaller head, thicker 
body and much shorter legs, still adheres to the higher Carabid form 
(Oarabus and allies). During the Scarabaeidoid stage the second larva 
rests nearly motionless in the egg of the locust, and is like the curved^ 
clumsy larvm of the cockchafer or June beetle and other Lamellicorn 
larvae, which also have the similar habits of lying still in their bur- 
rows and feeding on the roots of grass, or, as in the case of Osmo- 
derma, lying nearly motionless in their cells in rotten wood. This sort 
of life going on, the larval blister beetle after six or seven days assumes, 
the ultimate stage of the second larva, and now, from apparent con- 
tinued disuse, the mouth-parts and legs become more aborted than 
before, and the insect in this stage may bo compared to some Lou- 
gicorn larvm, with a general resemblance in the curved, cylindrical body 
to the Ptinid and Chrysoinelid, and it even ai)proximates in general shape 
Curculionid larvm. In the pseudo-pu])a or coarctate larva this process of 
disuse and obsolescence of parts culminates in the immobile stage ]ire- 
ceding (with the intervention of third larva) the pupal condition. VVe 
thus see that in the life-history of a single species of beetle, change in 
habits or environment, as well as in the food, induces change in the form 
of the body ; and this series of changes in the MeloUhe typities the suc- 
cessive steps in the degradation of form which characterize the series of 
Coleopterous larvfc from the Carabidm down to the Curculionidm and 
Seoly tidm. At first all larvje were carnivorous and acti ve.M their habits,, 
with large mandibles and well developed accessory jaws and legs; cer- 
tain forms then becoming scavengers, their appendages became, from 
disuse, less developed; then others, becoming phytoi>hagous, became in 
some cases still less develoi)ed, the jaws shorter and toothless, with cor- 
responding modifications in the other mouth-parts, the antenum and the 
legs, while the body became thick, fat anfi cylindrical; until in the wood- 
boring and seed- or nut-inliabiting weevils the antenn© and maxill© be- 
came rudimentary, sAinost disappearing, while the legs utterly vanished. 
Change ofdiabits and surroundings, with corresponding changes in the 
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fom of the body and its appendaj^es, both explain the metamorphosis of 
insects in general and also the differences between the larval forms of 
the different orders. 

The following view will convey an idea of the larvae of the Cole«)« 
pterous families which in a general way correspond to the different larval 
stages of the Meloidm; it being understood that the resemblances are 
suggestive and general, and not to be accepted in a too literal sense. 

i ln Meloe more like Campodea than 

StylopidsB. 


2. Carabidoid stage. 


3. Scarabandoid stage. 


Cicindelidm. 

Oarabidm, Dytiscidie, Hydrophilidie. 
J Siljdiidse, Nitidulariae, Dermestidm, 
I Coccinellidse, etc. 

Elateridm, Lampyridte, Telephoridm, 
Cleridie, Pyrochroidm. 

C Ilisteridm. 

} Scarabaiid®. 

( rtinidm. 


^ Cerambycidae. 

4. Coar«tiiUiatiifte,iijoreorle(«J 

cjlmdrtalandaiHrfoa., •! SSKSa. 

( Scolytidse. 

From the facts and considerations which liave been presented, we 
are disimsed to believe, subject, of course, to future correction, that tiio 
primitive Coleoi)tera were carnivorous forms, and that the scavenger 
and phytophagous forms have been derived from them, and are there- 
fore secondary products, and as a whole of more recent origin. 

The primitive form of beetle was probably a Staphylinus-like form,, 
with a long, narrow body and rudimentary elytra, and carnivorous in 
habits. This has been suggested by Brauer,*'*® though it occurred to us. 
before meeting with his views. 

Though the earliest beetle known is a Carboniferous weevil-like form,, 
yet we imagine the Coleoi)terous type became established in Devonian 
or Silurian times, when there may have existed the prototypes of the ear- 
wigs and beetles j for the two types may have branched off from souio- 
Thysauuran form. On tlie other hand, the primitive Coleopterous larva 
may have sprung from some metabolons Ncuropterous form. The larva 
of Gyrinus has a striking resemblance to that of Corydalus and other 
Sialida), so much so that a terrestrial Carabidous form most probably 
was of Neuropterous origin, as indicated in our diagram. 

Origin of the JHptera^ Lepidoptera^ and Hymenopiera , — ^The Euglossata 
probably had a common origin in the first place from the metabolic 


So wird una dcr Stapliylinus ala eliio der Hit eaten KKferfovnieii etc. Betiu litungen uber die. 

Vervandlnng Inaekteii im Slone der Deaoeodenz-Tbeorie, vorjF. Braner. Verb. k. k. BO0l.*bot;.. 
Gei.i Wien, 1869, p. 813. 
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Neuroptera. The Lepidoptera probably orig;inated from the same group 
from which the Panorpidse and Trichoptera branched off, and we agree 
with the opinion of H. Muller,'^ who maintains that the Lepidoptera 
aiul-Trichoptera ‘‘ proceed from a common stock,” though we should sup- 
pose that the Panorpidm in tlieir larval stage represented forms like the 
ancestral caterpillar. 

The adult structure and larval forms of the Diptera show that they 
originated from nearly the same stock as the moths. The most perfectly 
developed Dipterous larvm are those of the Culicidm and Tipulidm; 
these were probably the primitive forms; the other Dipterous larvm, 
notably the larval Muscidie or maggots, are degradatioiial forms, and 
the lower Diptera appear to have been degraded or degenerate forms. 

The case is different with the Hymenoptera. The saw-fly larvae rep- 
resent apparently the primitive larval form; and from their resem- 
blance to caterpillars and Panorpid larvm, show that the Hymenoptera 
and Lepidoptera may have liad a common origin. The footless larvm 
of the parasitic Hymenoptera are correlated with their parasitic mode 
of life, and the similar forms of the larval wasps and bees show that 
from disuse their mouth-parts and legs became aborted, and the immo- 
bile larvae became short and thick-bodied. Hence such larvae should 
be regarded as secondary, aefaptive larval types. The high degree of 
specialization of the bees’ mouth-parts, their concentrated bodies and 
4-segmeuted thorax, with other characters, show that they are the 
highest, most specialized and modern of all insects. 

IfOTE. — It should be borne in mind that the embryo bee has a pair 
of temporary abdominal appendages on each segment (uromere); so 
also has the Lepidopteroiis, Coleopterous, and Orthoi)terous embryo, 
which points back to a common, Scoloiuindrella-like type; this also pos- 
sibly indicating a still earlier, worm-like, Peripatus-like ancestor for 
Myriopoda and llQxapoda at least, if not Arachnida. For previous dis- 
cussions as to the origin of insects the reader is referred to the writings 
of Fritz Miiller, Brauer, Lubbock, and the author. 

Order II. DEKMATOPTERA. 

» ■ 

Forpioulid^e. Plates XXIII, XXIV. 

THE HEAD. 

Forficula tceniata Dohrn. (PL XXIII, figs. 1-3). The head is horizon- 
tal ill position, broad and flat, scpiarish, the sides being jiarallel. There 
is a V-shaped epicranial suture, which is more distinct in the larvse of 
this genus and in Labia. The epicranium is otherwise simple; no ocelli. 
The clypeus is simple, being no wider and hot much larger than the lab- 
rum. The genal ridge prominent; a broad gular region. Behind the 

Aihorlcan NaloralUt, ▼, Ju^y, 1871, 288. Sco also the aaiue magasine, Xor., 18^1, p. 707-718. 



{md in front of the prosternum) is a free 
a transv^se, median impressed line. (This sderite may be called 
the postgula^ and it may correspond to the praosternal sderite in Blatta, 
except that no pleural sderite is attached to it as in Blatta.) The men- 
tum is very large and flat, as long as broad. 

THE THOBAX. 

Notum, 

Pronotum. (Fig. 7.) Large, flat, square, a little longer than broad, 
and rounded behind. 

Mesonofum. (Fig. 8.) Somewhat as in Termcs, being almost entirely 
concealed by the pronotum, which rides over it. It is very short — 
indeed, remarkably so — ^no other insects approaching this group in this 
respect, while the metanotum is remarkably developed. Ifeither the 
meso- nor metanotum are so wide as the thorax, a broad margin of mem- 
brane bordering the sides. 

The mesoscutum forms a very short, transversely sublinear sderite, 
with the front edge full and curved, but linear (in a transverse sense) 
on the sides; behind, it receives the minute, diamond-shaped scutellum, 
which forms a posterior, spine like projection, which rubs or plays upon 
the medially chitinous front e<lge of the metanotum. On each side of 
the scutellur ■ is a transverse, long, lanceolate-oval, chitinous sderite, 
which we are disposed to regard as the divided postscutelliim. • There 
is no praescutum, and in front of and behind the mesonotiim the thorax 
is soft and membranous. 

Metanotum, (Fig. 8.) There is no prpescutum. The scutum is very 
large, nearly as broad as long, broad in front, narrowing behind, sinuous 
on the front edge, slightly rounded behind, the surface generally flat- 
tened, a little convex, with two i)arallel, slightly converging median 
ridges; behind these two ridges is the narrow, longitudinally some- 
what oblong scutellum. It is not defined by suture, and I could 'not 
decide what it was until I had examined Labia, in which it is more dis- 
tinctly separated from the scutum; it is thick, dark, with a spine-like 
projection in front. 

The large, long and broad, more or less flat area between the scutum 
and first uromere we are dis])osed to regard as, without much doubt, 
an enormously developed postscutellum, especially as it is much shorter 
and more like the x)ostscutellum of Labia. Its surface is broken up 
into areas; from behind the metascutellum two widely diverging ridges 
pass backward and outward to su^port the base of the wings. 

Pleurum, 

The plearites are remarkable for being extended horizontally, and , 
for the nnusnal form and relations of the epimera, in these respects 
Vspgfesting the OolMptera, and perhaps the Stap’hylinidm. The legs 

i''tt 20 »o • Am ' ■ 
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are ;ipserted at the posterior eud on the side of each segment (bssno- 
meref, as the coxae are widely separated hy the very large and broad 
steruites. 

Propleiirites. (PI. XXIV, fig. 1.) These are well developed., The 
episteriium is horizontal, fiat, siibtriangnlar, narrow, reduced to a 
point before reaching the coxa. A wedge-shaped, triangular sclerite is 
wedged in between it and the sternite (this may be regarded as the sub- 
episternum, though possibly the trochaiitine, as the coxa is apparently 
entire, and there is otherwise no trochaiitine to be found). 

The epimerum forms the upper part of the pleiiriiin, and is scale-like, 
oblong-oval; in front it is narrow, and ends at the anterior margin of 
the notum. The posterior or upper end of the epimerum is free, rounded, 
scale-liko, as it covers the protlioracic stigma. 

The coxa is cylindrical, sliorter than broad. I can perceive no suture 
in it, and think the trochaiitine is obsolete. 

Mesopleiirites. (Fig. 2.) Those sclerites repeat the form of the pro- 
pleurites. The segment (baenomcre) is not so long, and the sclerites 
are a little more horizontal. The epimcram is more regularly oblong- 
oval, with a deep crease or fold below the middle, which extends ob- 
liquely from near the coxa to the front edge of the epimerum. 

The episteriium is in this segment, as in the preceding one, divided 
into two jiieces ; the siir-episternuin is very small and situated in the 
same plane as and on the side of the anterior end of the sternum. The 
triangular sub-episternum is more oblique than in the propleuriim. The 
coxa is smaller than in tlie jirotliorax. 

Metapleurites. (Fig. 3.) The structure of this region is very remark- 
able, as compared with that of other Fhyloptera. The episternum is 
simple, not subdivideil as in the pro- and inesoplcurum, but represented 
by an acutely triangular sclerite, the base of which lies next to the 
coxa, the acute apex reaching only two thirds the way to the front of 
the sternum. This reduction in the size of the cpisternal elements is due 
to the increase in size of the sternum below and the epimerum above. 

The epimerum is enormously developed, extending from the insertion 
of the hind wings (which is very neiir that of the anterior pair) back 
nearly to the middle of the second abdominal segment; it thus forms 
the side of about half the entire thorax; in situation it is horizontal, 
its sides vertical, but in front next to tlie mesocjoxie and sternum it 
rounds down and under, becoming ventral. (This is a most novel mod- 
ification of the met-episternum, and as unique as the modification of the 
mes-epi sternum in the Odonata.) 

Coxic longer than in the mesothorax, and soldered to the sternum. 

Sternum. 

4 

The sternal elements are in Forficulidm remarkably large and broad, 
the species being essentially runners. 

The prosternum is subdivided into a single, large intereoxal plate, 
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which is oblong, widening in front, and with the surface slight][y con- 
vex, and a praesternal area which is again subdivided into a median 
rounded area (Figs. 10-12, jp st) flanked posteriorly by two small tri- 
angular sclerites (p' st). 

The mesosternum is sciitellate in shape, nearly as long as broad, wide 
in front, narrow and well rounded behind the eoxm. 

The metasternum is entire, very large, broad and rather full on the 
surface; it is as broad as long, encroaching on the pleurites, and behind 
is faintly separated by suture from the first urite. 

THE AUDOMEN. 

There are ten uroincres with ten urosternites (PI. XXIY, flgs. 7-0); 
the 8tli very large, being four times as long as the 7th ; the Otli and 10th 
each forming a pair of lateral scales, at base of oacli blade of the forceps, 
being separated by tlie median sclerites forming the genital armature. 
The genitals, forming a median, interforcipatc, spine like sclcrite, and 
present above and below, may represent the 11th uroiuerc. The for- 
ceps we are inclined to regard as homologues of the cercopoda in other 
Fhyloptera. 

In regarding as the first uromcre the tergite immediately succeeding 
what we have described as the meta-postscutellum, wc difler from what 
seems to be Professor Westwood’s opinion as to the nature of the 
thorax, lie ai)])iireutly regards this segment or tergite and pleurite (as 
the sternal portion is not developed) as a part of the metathorax. This 
segment is a large, broad sclcrite closely connected with the metatho- 
rax, being slightly excavated next to the inetatliorax, and rounded be- 
hind. On eacli side it is separated by' suture from a narrow iileurite 
bearing the large, some what kidney-shaped first abdominal stigma. The 
first pair of abdominal stigmata is largo and siin])le, the chitinoua 
edge forming a ])iain ridge without any projecting teeth. The second 
pair of abdominal stigmata is visible ; the others are not easily detected, 
as they are minute, but judging by Westwood’s iigures there are the 
usual number, i. c., eight pairs. Westwooil states that there are three 
pairs of thoracic spiracles and seven pairs of abdominal ones. Should 
it be proved that Foriieula has a pair of stigmuta to each thoracic seg- 
ment, it will be a remarkable fact, as there is no insect known (Cami)O- 
dca not exceiited) whicli has a pair on each thoracic segment. But we 
arc inclined to think that Westwood has consiilered our first abdominal 
uroinere with its large spiracles as a part of the metalhorax, and thus 
he considers the number of pairs of thoracuj stigmata as three, and of 
abdominal ones as seven. We have found a large protlioraeic spiracle 
over the coxa on the posterior end under the iiostcrior corner ofl the 
pronotum, and concealed on tfle side by the lateral, scale-like epimernm. 
We have detected a iiair of mesothoracic spiracles, but none on the 
metathorax. • 

The result of our examination of ForflcnlidaB is that they constitute 
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an ordinal group of Phyloptera, equivalent to theOrthoptera. The larval 
Forficula is very close to Japyx in the form of the head, the thoracic 
homonomous segments, in having ten uromeres, in the nature of the for- 
ceps, and in the eleventh rudimentary segment. So close is the resem- 
blance that we are somewhat inclined to regard Japyx as a degraded 
Forficulai When wo consider the nature of the head, the elytra-like fore 
wings, the singular hind wings, which are not net-vcined, and the for- 
ceps, we see how much unlike the Orthoptera Forficula is. It does not 
approach Blatta nor Tenues. In the character of the wings and the 
thorax, especially the pleurites, Forficula is suggestive of the Ooleo- 
ptera, though differing from them in being ametabolous. 

In Labia the head is as in Forficula. The body being much shorter 
and thicker than in Forficula, there are some relative differences from 
what has been described in Forficula. 

Notum. 

Tii^pronotxm is shorter and broader, but still covers the mesonotum^ 
the latter is as in Forficula, the scutellum being similarly spine-like. 
The metanotum is as in Forficula, with no important differences; the 
scutellum is rather more distinct, however, but the postscutellum is 
much shorter, and has similar, lateral, submembranoiis folds in front. 

The first uromere, with its spiracle, is much as in Forficula, while the 
succeeding uromeres are much shorter. 

rieunim. 

The prothoracic pleurites (episteruum and epimerum) are as in For- 
flcula, but shorter and broader. 

In the mesothorax the epimerum is much rounded, being, with the 
episternum, rather shorter than in Forficula. 

The mesothoracic pleurites are as in Fodicula, but much shorter and 
wider in proportion. 

Stermm. 

The sternites are not essentially different from those of Forficula, biii^« 
are rather shorter and broader. / 

THE LARVA OF FORFICULA (PI. XXIV). | 

The notura of each segment is, as in all Orthopterous larvse, simj/ile, 
not being differentiated into scutum, scutellum, etc. On the other h^nd, 
the sternites and pleurites are as in the adult, and tins proves that the 
tergites are concerned in and modified by the development of the wings. 
The-episterna are subdivided as in the adult. 

In the abdomen there are eleven uromeres, but the first terglte is 
wanting, the iirosternite being present, while the eleventh teygite is 
small and rudimentafy. 
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Order HI. OBTHOPTEEA. Plates XXV-XXXVni. 

Blattabub. 

THE HEAD. 

Blatta americana 9 . The head is held vertically. The epicranium is 
broad and smooth; the ocelli are absent or obsolete. The clypefus is 
broad and short, no suture separating it from thi^. epicranium. The 
genjB are large, a geual ridge separating the geiiao from the orbits. 
The gula is broad and short. 

THE THORAX. (Plate XXVI.) 

Notum, 

The pronotiem (PI. XXVIII) is broad and flat, as long as broad. 

The mesonotum (PI. XXX) is remarkably broad and flat, two-thirds as 
long as broad. The priesciitiiin is wjxnting (unless represented by a 
transverse strip in front 1?). The scutum is flat, consisting of two square 
sclcrites separated slightly by the rudimentary scutelliim, which latter 
is lanceolate, narrow, triangular, and divided into two i)ortions, i, e., the 
posterior or scutelliim proper, which is subquadrate, broader than long, 
and a narrow, long ciwitinuation which reaches to the front edge of the 
scutum, between its two sclcrites. 

-The postscutelluin is represented by a well-marked transverse band 
behind the scutelliim, but not s(‘parated from the scutellum by a well- 
marked suture. 

ThQ metanotum (PI. XXX) is like the mesonotum, but witli no traces 
of aprmscutum; while the scutellum is much more distinct, diamond- 
shaped, with distinct sutures, the acute apex not quite reaching the 
front edge of the scutum ; behind clearly demarked from the postscu- 
tellum, which forms a definite transverse band. 

Fleurum. 

The pleurites are very hard to make out, owing to the flatness of the 
body. 

Propleurum. (PI. XXIX). The epistcrnum is divided into three 
pieces, the anterior a ridge extending from the sternum to the roof of 
the scutum; the hinder two a lower piece resting on the trochantine, 
and an upper, larger and completely chitinous piece extended to the 
suture. The epimerum is a very irregular, oblong region, partly mem- 
branous. 

Mesopleurum, (PI. XXXI.) The episternum in this arthromere is also 
subdivided into three pieces; the anterior (1) broad and resting on the 
sternum and reaching around to the epimerum ; and (2) a narrow, lance- 
olate-oval piece not visible from the side; the third ijclerite (3) is a broad, 
triangular piece (which may be the epimerum, but is probably not). A 
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deep fissure seemf to separate the episternal from the epimeral aiilea, 
and the epiinerum rests above the trochantine, being minute, rudiment- 
ary, and triangular in outline. The coxa is very large, broad, enor- 
mous compared >yith other Orthoptcra; it is much flattened. The tro- 
chantine is long and narrow, the suture being on a thin, prominent 
ridge. 

Metaplmrum. (PI. XXXI.) Exactly repeats the mesopleurum in 
form, but is a little larger, and the coxae are somewliat larger. 

Owing to the mueh deprcssetl, flattened \io(ly, w^hieli is correlated to 
the habit of living under the bark of trees and in cracks, the episterna 
are only seen from beneath, on each side of the sternum, and the epi- 
mera are reduced nearly to a minimum, while the eoxm are enormous, 
but still flattejied, as the Blattarim are active runners rather than 
leapers. 

Sternum. 

The proaternmn (PI. XXX 1) is well developed, but one-half as broad as 
long, and submembraiious. 

The mesoHiernum (PI, XXXII) is about as broad as long, rounded 
behind, with a median angular depression. 

The metasternnm (PI, XXX 11) is broader tlian long, dccjdy cleft, with 
a median fold or gore. Owing to this deep, angular depression both the 
meso* and metasternites can bo flexed together, thus allowing the sides 
of the body to approach each other somewhat. 

THE ABDOMEN. 

There are in the $ eight abdominal tergites, the eighth tergita being 
deeply cleft, a nd seven urosternites. The cercopoda are short and 13-16- 
jointed. 

Note. — The close relation to Termes and the Termitidm in general, 
(a point in which, among other respects, l»latta connects the Orthoptera 
and Pscudoneuroptera), is seen in the nearly identical form of the epi- 
sternal and epimcral regions ; the latter being dorsal and small, the 
episternal more developed and sternal in position. The sternal region 
is much the same in Blatta as in Termes, and judging by the form of 
the head, thorax and abdomen, these two genera might belong to even 
the same family. They seem certainly only one family removed, the 
principal difl'erenccs being in the wings. If there were, so to speak, no 
other Orthoptera in existence, the Blattarim would certainly be associ- 
ated with the Pseud oiuuiroptera. Jlenec we have been almost led to 
think that it is an artiticial classification which iflaces them in separate 
orders. 

MANTIDiE. 


THE HEAD. 

Mantis Carolina, The position of the head is vertical; the £n>nt ,iB 
broad, triangular. The orbits 'Cjce very large and broad. Theepiorar 
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iiitiki is divided into an occipito-vertical, square ai^a extending from 
the occipital foramen and bending over to the ocelli, with a transverse 
straight suture or impressed line in front extending to the orbits. The 
clypeus is very distinctly divided into a post- and anteclypeus, the 
former wider than the anterior division. The labrum is as long as broad 
and somewhat pointed in front. The geum are broad, with a marked 
genal ridge, gular region in front of the Ibrameii. There is no sub- 
mentum; the mentum is square, the ligula small and narrow. 

THE THORAX. 

The thorax, as well as the rest of the body in general, approaches 
that of Blatta, with, of coiirs.e, important modifications 5 in some respects 
it approaches the Acrydii. 

Notmu 

pronotum (PI. XXXIIT, figs. 1-3) is remarkably long, forming the 
tergal and lateral portions of the area. On the anterior fourth is a 
transverse, impressed line, not, however, quite reaching the sides of the 
iiotuin; this is situated directly over the insertion of the first pair of 
legs. 

Mesonotxm. (Pig. 4, 5.) This is very long, being about twice as long 
as broad; along the-niiddle extends a sclerite from the anterior to the 
posterior margin; it is triangular in front and behind; the anterior end 
we would regard as the priescutum, and the posterior portion as the 
scutellum, the two uniting on the anterior part of the notum. There is 
no postscutellum develojxjd. (This union of the i)ricscutum and scutel- 
lum is unique in Ptiyloptera and Neuroptera, but there is an approach 
to it in Blatta.) 

On each side of the front of the notum, and in front of the insertion 
of the wings, is a distinct, triangular sclerite, the nature of which is un- 
certain. 

The scutum is separated into two long halves. 

Metanotum. (Pig. 4, 5.) This is a little longer and slightlj" narrower 
posteriorly than the mesonotiim, as the hind Avings are nearly twice as 
wide as the anterior pair. 

The prsBscutum is very distinct, narrow, triangular, truncate at the 
apex. The scutellum is very long and narrow, ending in a long, very 
acute point before reaching the prmscutum; thus the scutum is divided 
into two long halves, connected by a very narrow bridge, situated be- 
tween the praesciitum and scutellum, Avhile the mesoscutiim is entirely 
divided. The postscutellum is obsolete. 

Pleurum. 

Fropleurites, (Fig. 1-3.) The episternum and epiinerum are veiy 
small, short, rudimentary, and situated on the spiterior fourth of the 
prothorax. 
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The mesopleuri^ (Fig. — ) are very oblique. The episternum is di- 
vided into two sclerites, the upper one*third as long as the lower and 
scale-like; the lower oblong, narrow, very long, and on the sternal 
margin bent down next to the sternite. The epimerum is divided into 
a long, narrow, linear, chitinous portion next to the episternum, the 
posterior portion lying in front of the metathorax. 

Between the lower end of the episternum and coxa is a small, trian- 
gular sclerite which I suppose is the trochantine. The coxa is very 
large, long and quadrangular. 

Metapleurites as the mesopleurites, but the sub-episternum is a little 
wider, and the sur-episternum is longer, while the epimerum is almost 
wholly membranous. The trochantine ? is more distinct than in the 
mesothorax. The coxa is of the same form as in mesothorax, but a 
little thicker. 

Sternum, 

The prostermm (Pigs. 1-3) is divided into apraB- and i)ost8ternite, the 
latter remarkably long. 

The mesosternim is narrow, triangular, flat ; the apex bordered on each 
side with a lateral sternal fold of the integument. 

Metasternum, A large part of the sternal surface is occupied by the 
sternal portions of the episterna, which are bent beneath the bo<ly. 
The sternal area is broader and longer than in the mesosternum, but the 
limits of the sternite itself are less dehnite; it appears to be a long, 
narrow, lanceolate-oval area (but this part needs further comparative 
study, with more material in sx)ecies than we possess). 

THE ABDOMEN. 

There are ten segments or uromercs, with ten tergites. The cerco- 
poda arise from the tenth segment. They are stout, many -jointed, and 
much as in Blatta, only longer. There are but six u^osternites. The 
eight pairs of stigmata are situated on the membranous pleurites. 

Remarlcs. Mantis is a genuine Orthopter in venation as well as in 
the fundamental structure of the body, and is truly iDtermediate in its 
structure between the Acrydii and the Blattarim, approximating the 
latter in the structure of the head, mouth-parts, prothorax, the shape 
of the abdomen, and its appendages. Blatta, in part, may be regarded 
as the ancestral or stem form of the Orthoptera, from which all the 
other Orthoptera may have descended; and this accords in the main 
with the geological succession of the different Orthopterous families so 
far as we know it. • • 

Phasmida. 

THE HEAD. 

, JDiapheromera femojratum. Pujpa. The head (PI. XXV, XXYI) is 
small, narrow, nearly horizontal, subcylindrical. The epicranium is 
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much developed posteriorly towards the occipital region, being reduced 
to a minimum in front of the antennm. The clypeus is very short, undi- 
vided, and the labmm is deeply cleft. There is no genal ridge. The 
gula is rather broad. The suWentum and mentiim are rather small 
and narrow. 

, THE THORAX. 

Notum. 

The pronotum (PI. XXVIII) is oblong, quadrangular, about twice as 
long as broad. 

The mesonotum (PI. XXX) and metanotum are remarkably long and 
slender, the mesothorax being a little longer than the metathorax, and 
not differentiated, owing to the want of wings. 

Fleurum. 

The propleurum. (PI. XXIX.) There arc three scleritcs on the sides — 
minute, short, and rudimentary; the anterior is the cpisternura; the 
middle the cpimerum ; and tlie third and hindcrmost is the peritrerne, 
bearing tlie first thoracic stigma; the second pair of stigmata being at 
the end of the mcsopleurum. The coxa is large, cylindrical (a vertical 
suture along the outer side shows that it is made up of the coxa and 
trochantine ?), 

The mesopleurum (PI. XXXT) is as in the propleurum, but the epister- 
nuni, as we are disposed to regard it, is larger and extends along, form- 
ing a long, very narrow lateral strii), reaching to the prothorax. 

Themetapleunm (PI. XXXI) exactly repeats the form of themcsopleu- 
rum, the cpisternum in front being somewhat narrower and ending at 
the inesostigma. 

Sternum. 

The prosternum (PI. XXXI) is subscutellatc, rapidly narrowing in 
front of the insertion of the legs. 

The mesosternum (PI. XXXIi) is very long, with a separate piece which 
we may call the prwsternite^ and which is narrow and crescent-shaped. 

The metasternum (PI. XXXll) is as in the mesosternum, but the prse- 
sjbernite is much smaller. 

THE ABDOMEN. 

There are ten tergites and a rudimentary eleventh. There are nine 
urosternites. The pleurites are more developed in the $ than in the $ . 

THE HEAD. 

Prisopus.^^^ (Plate XXXIII, figs. 6-9.) The head is as in Diaphero- 
mera ; the epicranium and cl;?peus are as described under that genus^ 
but the labrum is less deeply cleft. 


in A oommdn Brazilian spooies. 
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THE THORAX. ' 

y • 

Notum. . 

Th^pronotum (PL XXXIII, fig. 6) is one-third longer than wide. 

The mesonotum (Fig. 7) is very long, though shorter than in Diaphero- 
mera. It is entire, with no signs of subdivision into the scutum, scutel- 
lum, &c. The presence of the small, net- veined, rudimentary fore wings 
has not affected or produced a difierentiation of the notum, the insertion 
of the wings being very slightly marked. 

In the metanotunij owing to the long, large hind wings, with well 
developed muscular attachments, the notum is dill'erentiated into two 
lateral swellings, which correspond to two halves of a scutum; while 
the scutellum is represented by a long, moderately broad area, rounded 
in front, and at the posterior end narrowed, and with a flattened, boss- 
like swelling. The scutellum is about one-half as wide as the entire 
notum, and on the sides it is not definitely separated from the sides of 
the notum. The hind edge of the notum is emarginatc, forming a dis- 
tinct, rather full ridge extending across the notum. This may repre- 
sent the postscutelluin; but most probably tlie next sclerite, which I at 
first took to be the first abdominal segment, is the postscutellum, as the 
next sclerite bears the first pair of spiracles. 

Fleurnm. 

The.pleurites are very much as described in Diaplieromera, but the 
large, long episterna are shorter and broader than in Diapheromera, 
corresponding with the shorter and thicker proportions of the thorax. 

Sternum, 

The pro«ternww consists of two sclerites, as in Diapheromera. The 
mesosternum is shorter and broader, but otherwise exactly as in Diaphe- 
romera. The metasternum is much wider than in Diapheromera, with 
a narrow, intercoxal oblong area, as in Acrydii. 

/ THE ABDOMEN. 

The abdomen repeats that of Diapheromera ; counting out the very 
large meta-postscutellum, there are eleven tergites and eiglit uroster- 
nites. The cercopoda are jointed, short, much as in Mantis. 

Note. — This genus connects the Phasmida with the Acrydii, Prosco- 
pia being the connecting link in the latter family. 

Family ACEYDII. 

% 

THE HEAD. 

Oaloptenus spretus. The head, as in the other genera of Acrydii, is 
compressed so that the front is high and narrow. No signs of an occip- 
ital sclerite. In the fpicraniam the vertex, genm, and clypeus are weU 
developed. The epicranium extends below the middle of the front, but 
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not so far down as usual in the other Orthopterous families^ though in 
Tettix it does extend down much farther than in Galoptenns. The 
clypeus is well marked, one-third as long as broad. The genre are not 
very broad 5 the gula is short and broad. 

THE THORAX. 

Notum. 

The pronotum (PI. XXVIII) is very large, extending to the hinder 
edge of the mesonotiim, and down on the sides as far as the insertion of 
the legs. 

The mesonotiim, (PI. XXX.) This and the inetanotuin, except in the 
absence of the pnescutuin, closely resemble the same parts in the Per- 
lidre. The scutum is short and broad, excavated in front, one-half as 
long in tlie middle as on the sides, each side swollen in the middle area, 
the hind edge deeply excavated to receive the scutelliim, which is 
shorter than wide, obtuse, rounded in front, and behind is a little more 
pointed. The postsciitellum is represented by a narrow, transverse ridge 
expanding on the sides. 

The metanotum (PI. XXX) is as the mesonotiim, but a little longer, as 
tlie hind wings are larger than the fore pair. The scutelliim, with the 
sutures separating it in front from the scutum, is more distinct; the scu- 
tum is a little longer on the median line; the scutelliim is rather more 
acuti^., triangular in front, and longer and larger than the mesoscutel- 
lum. The postscutcllum is represented by a simple ridge as in the 
mesothorax. 

Fleurum, 

The propleurum. (PI. XXIX.) The ejiistcrnnm is rudimentary, 
minute, shorter than broad, and triangular. The epimenim is almost 
obsolete; being represented by a short, ridge-like sclerite. The tro- 
chantine is rudimentary, minute, with a large spine. The coxa is a little 
larger and more swollen sclerite than the trochantine, and is full be- 
hind.^^ 

The mesopleurum. (PI. XXXI.) The episternurn is entire, very large 
and full, narrowing towards the insertion of the wings, and extending 
below to beneath the insertion of the legs. The epimenim is of even 
width, being quite regularly oblong, and only extending to the insertion 
of the legs above. Tlie meta-spiracle is situated on the posterior, lower 
angle of the cpimerum, while the meso-sjiiraclo is placed on the anterior 
and upper edge of the episternurn. The trochantine and coxa are#much 
as in the fore legs. 

The meiapleurum, (PI. XXXI). Much as in the mesopleurum, but 
more oblique, and on the whole slightly larger, as the hind wings are 
larger. The episternurn id narrower below, and much more definitely 


Fig. 13, p. 259 of tlie let Report of the CommiBslon, those paAs are wrongly named; the tro.’ 
ohantlne is the anterior and the coxa is the posterior piece. 
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separated by an oblique suture from the sternum. The epimerum is 
less regular in shape than in the mesopleurum, and is more oblique and a 
little curved. The trochantines are large and longer than those of the 
two anterior pair of limbs. The coxee are but slightly developed. The 
trochanter is oblong, though longer than thick. 

In the Orthopteragenuina, Blatta excepted, the trochantines and coxae 
are very small, owing to the large j^leura and sterna. 

Sternum, 

The •prosternum (PL XXXI) is short in front, small, broad, triangular, 
with a scutellate expansion between the cox®, and a central, long, acute 
conical tubercle; behind, the sternum expands on each side behind the 
legs, and is on the same plane as the mososternum, but separated from 
it by a well-defined suture ; it extends far up on each side of the thorax. 

The mesosternum (PI. XXXII) is not so long as broad, but is large, not 
extending up above the insertion of the middle pair of legs 5 the surface 
is a little convex ; the hinder edge is excavated, a square portion of the 
metasternum being dovetailed into it. 

The metasternum (PL XXXII). is wider and longer than the mesoster- 
num, the sides extending up the thorax. The sternum is divided into 
four parts by sutures ; the anterior part has just been described, the pos- 
terior is a piece nearly as long and a little wider than the first urosternite, 
and sends a square portion corresponding to, but smaller than, the one 
on the mesosternum into the latter sclerite ; the two lateral narrow parts 
lie next to the cox®. 

Tlir. ABDOMEN. 

There are ten uromeres (PL XXXIV-XXXYIII), represented by ten 
tergites, and seven urosternites ; no pleurites are developed, the eight 
pairs of spiracles opening on the lower edge of the tergites. The tenth 
tergite is telson-like, with a triangular pleurite, on each side bearing the 
cercopoda, w’hich are not join ted. The tenth tergite extends beyond the 
base of the upper pair of rhabdites. 

PROSCOPIA. 

THE HEAD. 

The high, vertical prolongation of the head in this remarkable insect 
is a development of the epicranium; the occipital region of the epicran- 
ium is also greatly produced, carrying the eyes and insertion of the anten- 
n© much beyond the middle of the head ; the space between the eyes is 
very harrow. The singular, four-angled process projecting above the in- 
sertion of the antenn® arises from the vertical rather than from the 
frontal region of the epicranium, as there is a long space between the 
insertion of the antenn® and eyes and th'e clypeus. The latter is very 
short and divided into post, and anteclypeus, though the two divisions 
are not separated by z distinct suture. The labrum is deeply hollowed 
out in front. 
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THE THOBAX. 

Notum, 

Fronotum. (PI. XXVIII.) The prothorax is remarkably long, cylin- 
drical, and full in the in iddle. It is very singular for having no sternum as 
distinguished from the tergiim, but the segment is perfectly cylindrical, 
with only a fine, lateral, straight suture, which is obsolete behind the 
legs; while along the sternal region behind the legs there is a median, 
fine suture. The episterimm is present, but no epimonim is differ- 
entiated from the tergum. The anterior spiracles are situated on the 
front edge of the mesothorax, and these are really the usual prothoracic 
ones, while there is another pair on the hind edge of the mesothorax on 
the rudimentary mcsepimerum. 

The mesonotum (PI. XXX) consists of a single oblong sclerite, one 
third longer than broad, veyy slightly separated from the pleuruin; the 
surface is rounded and rough like the rest of the segment. 

The metanotum (PI. XXX) consists of two portions which have no re- 
semblance to a scutum and scutelliim, but which are s(iparated on the 
side by a diverging ridge extending down the sides into the epiinerum; 
the anterior area is short, transversely broad, while the posterior atea 
is not separated by suture from the anterior, but is as long as broad, 
and rounded in front. It is interesting to notice the extreme modifica- 
tion of the ineso- and metanotum, owing to the absence of wings, and 
also those characteristics due to the cylindrical form of the body. Pros- 
copia is a link between the Acrydii and the Phasmida. 

Fleurum, 

The mesoplcurites (PI. XXXT) are well marked sclerites, but are still 
subordinated in form and relation to the cylindrical form of the body. 
They are oblique, separated by a fine suture from the tergum. Tlie epi- 
sternum is large and broad, irregular in shape, while the epimenim is 
much shorter, and not much longer than wide. The pro-peri tremes, 
bearing the prostigmata, are separated by suture from the prothorax, 
and the meso-peritreme is consolidated with the posterior edge of the 
mcsepimerum. 

The metapleuriies (PI. XXXI) are much as in the mesothorax, but shor- 
ter. The episternum is straight-edged; though oblique in its general 
position, it is as wide as in the mesothorax, while the epiinerum is less 
than half as wide as the mesepimerum, and the upper portion is reduced 
to a mere ridge, which extends upon the notum. The inetacoxae are as in 
Diapherom era, being twice as large’as those of the mesothoracic segment, 
while the procoxm are a little smaller than those of the metathorax. 

• 

Steft'uum. 

The sternites (PI, XXXII) are broad pieces, thq meso- and metaster- 
nites not separated by suture. The external openings of the mes-ento- 
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thdras and me^entothorax are conspicuous and situated between the 
second and third pair of legs. 

Conocephalm, In the head of this genus the entire epicranium is pro- 
duced tergally into a long cone, with no suture above. Beneath, there is 
a deep inter-antennal fossa dividing the cone from the face, which is 
longer than broad. There are no ocelli. There is no suture between 
the clypeus and ex)icrauiiini, except on the sides. 

Family LOCUSTARIiE. 

THE HEAD. 

Anahrus. (PI. XXV-XXVI). The epicranium is very large, and di- 
vided into two portions, post- and ante-antcnnal, which are separated by 
a short interantennal suture. The front of the head is very broad, and 
the eyes are small. There is an occipital ridge on the hinder edge, 
separating the geiiae from the ocular region. * The clypens is trapezoidal, 
about one-half as long as wide, with an accessory, rounded, anterior ex- 
pansion on the base of the labruin ; the latter rounded, as long as broad. 
The geme are broad and flat; the gula moderatelj' broad. 

THE THORAX. 

J^otum, 

The proiiotum (PI. XXVIII) is very large, extending down to the in- 
sertion of the fore logs and backward to the base of the abdomen. 

Mesonotum. (PI. XXX.) The scutum and scutellum are only partially 
differentiated, the scutal area being represented by two lateral, flattened, 
slightly-marked bosses on each side of the segment in front, and not 
separated by suture from the scutellum, whose apex is distinct and acute. 
There is no prajscutuin or postscutellum. 

The metanotum (PI. XXX) repeats the general features of the meso- 
notum, but the segment is a little shorter, tlie scutal bosses smallpr, while 
the scutellum is indicated by a circular, flattened eminence, with no apex 
behind. The postscutellum is not indicated. 

Flmrtm, 

;proplmrit€8 (PI. XXIX) are small and short. There are two cpi- 
steriical sclerites, an upper {in<l lovrer, of irregular form. The opimorum 
iS undivided; it is no longer than broad, and below laterally flares out- 
ward, forming a horizontally-i)rojccting scale. The prostigmata are very 
large, and the edges are anned within by thick-set spines. 

The mesoplenrites and metapleuritvs are imich alike and peculiar in- 
form, being largo and high, owing to the small wings. The epistenmm* 
is long and narrow, and vertical in position ; it is undivided, and a little* 
narrower above than near the steniuin, the middle being produced into- 
a sharp ridge. The fpimeram is as in the episternnm, but flatter and 
only ridged near the sternum. 

The metapleurites are more oblique than the mesoplenrites, and are 
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a little longer and larger, the entire segment being a little larger than 
the mesothorax. The cox8b are stout and thickj those of the prothorax 
spiued. 

Sternum, 

The stemites (PI. XXXT, XXXII) are peculiar in this genus and family. 
The prosternum is very short and broad; tlie coxae are situated rather 
far apart. The mesosternum is divided into two portions; the anterior 
(prsBsternite) is divided bj^ a inediau sinus into two lateral swollen areas, 
while behind, at the base of each coxa, is a stout, triangular spine. 

In the metasternum the anterior sternal i)ortion or pncsteriiite merely 
forms a transverse, curvilinear ridge, irom each side of which arises a 
stouter posterior spine than in the mesosternum. 

THE ABDOMEN. 

There are ten and perhaps eleven uromercs; nine large square ter- 
gites and a tenth narrower one, the tenth segment bearing the small 
unjointed cercopoda. The supra-anal plate x^robably rejmesonts the 
eleventh tergite, but it is not separated very distinctly by suture from 
the tenth uromere. The pleurites are broad but membranous. Tluire 
are eight pairs of abdominal stigmata, wliich are situated on the xdeurum. 
Of the sternites, tlie first seven are small and narrow, surrounded by 
membrane; tlie eighth is large and square. The oviiiositor is enormous. 
(The projiortion of iiarts in Phaneroxitera is seen in Plates XXXIV- 
XXXVIII.) 

Family GRYLLID^. 

THE HEAD. 

Gryllus neglcctus. The head is rounded, full, vertical in x)Osition, 
smooth, w ith no areas, although the three ocelli are i>rescnt. The clyx>eijs 
is seiiarated by suture from the epicranium ; it is <li vided into two parts, 
the i^ost-clypeus being short and very broad, and seiiarated on the 
sides by a well-marked suture from the ante-clypeus, which is consid- 
erably shorter and not so wide as the labrum, the latter being one-half 
as long as broad. The gcnal ridges are remote and posterior to the 
orbits. The giilar region is unusually broiul; the mentuin is much 
shorter and smaller than the submeiitum. 

THE THORAX. 

Notum. 

Pronotum is broad and flat, square, nearly as long as broad, and bent 
over the sides, so that the pleurites are very short; posteriorly it over- 
laps the mesonotum. 

Mesonotum is a ery simx^le in structure. It is very short, being one- 
third as long as Jhe x>ronotuni#and also one-third as long as the meta- 
notum; the scutum is very short, consisting of two lateral raised areas, 
nearly sei)arated by the large, broad, swollen fcutellum, the latter 
transversely lozenge-shax)ed, being rounded in front and a little more 
angular behind. 
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Metanotum. On the same plan as the mesonotum^ but about three 
times as long; the scutum is very short and slightly depressed in the 
middle, enlarging and swollen on the sides. The scutellum is of the 
same shape as in the mesonotiim, but much larger; behind it is a mod- 
erately broad, flat band, representing the postscutellum. 

Pleurum, 

Propleurum, In the prothorax the episternum is represented by two 
small sclerites, one forming a spine. The epimcriim is minute, rudi- 
mentary, subinembranous. The coxa and trochantiue are consolidated 
into a single, largo, thick coxal joint. The i)rostigmata are rather large 
and situated on a distinct pcritremo. 

Mesopleurum, The episternum is divided into three sclerites, the upper 
much larger than the two lower sclerites, and triangular, with the apex 
produced towards the insertion of the wings, but not extending up so 
high as the epimerum. Of the two other sclerites one is supracoxal, and 
the other is next to the sternum. The epimerum is a large, lanceolate- 
oval, scale-like, single sclerite, with the posterior edge free, below which 
is the mesostigma. 

Metapleunm. This is much larger than the pleurum of the meso- 
thorax. The episternum is large, oblique, narrow triangular, with the 
apex extending as far as the upper end of the epimerum ; the latter is 
quite wide, narrowing below; the hind margin is not, however, free. 

Sternum. 

Prosternum. This is in part rudimentary, and consists of a transverse 
row of three small sclerites surrounded by membrane, behind which 
are two larger sclerites, and above, on each side, is a subtriangular piece. 
Between the coxm, whicli are wide apart, is a small, triangular sternite, 
which sends off long, chitinous angles towards the episternal spines. 
Behind this is a narrow, long, scutel-like sclerite. 

Meso- and metasternum. These are both large, broad, solid sclerites, as 
long as broad, angulated obtusely on the sides, and notched in the mid- 
dle of the posterior margin, especially on the metathorax. 

TIIK ABDOMEN. 

There are eleven uromeres : eleven tergites, the 11 th being the supra- 
anal plate; the 10th is narrower than the 9tli, and situated between the 
cercopoda, which are large and long and obscurely jointed. The 11th 
tergite is separated by a faint suture from the 10th tergite. The pleural 
region is rather broad, bearing the eight pairs of stigmata. There are 
eight well-developed urosternites; the 7th is twice as long as the basal 
seven. The 8th is small and rounded behind. 

THE HEAD. 

Oryllotalpa borealuf; The head and prothoraz are admirably adapted 
to the fossorial habits of this insect. The head is long, and rounded 
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above. The clypeiis is very short, the postclypeus less than one-lialf as < 
long as the anteclypeus. The labrum is long and narrow. The gular 
region is broad, the gcine small. 

THE THORAX. 

Notum. 

Pronotum. This part is immensely developed, being equal in bulk to 
the rest of the thorax. 

Mesojiotum. This is remarkably short, not quite so long as broad, and 
about one-half as long as the metanotum. There is no i>raiscutum. The 
scutum is, along the median line, shorter than the scutellurn, and is 
excavated behind in the middle to receive the scutellum, which is rather 
large and broader than long. There is no i)0st8cutellum. 

Mctaiiotum. More than twice as long as the mesonotum. The scutum 
is as long as broad, with a boss on each side above, and a posterior, 
rather flat area, succeeded by the scutellum, which is broader than 
long, 

^ Pleurum. 

Propleurum, This is repfcsented by an irregularly triangular scle- 
rito, whose apex below bears a stout, downward-projecting spine. The 
coxa is very thick and rather largo, and excavated in front to receive 
the posterior prolongation of the base of the femur, which is remarkably 
short, tliick, large, and broad, as is the tibia, this and the tarsi being de- 
scribed by other authors. 

Mesopleuriim, The episternum and epimerum are moderate in width, 
and oblong 5 the episternum is broader than the epimerum, and the 
sclerites .are i)laced vertically and not obliquely. 

Metapleurum. The sclerites .are large and broad, the sides of this 
segment being square and vertical, though the sclerites themselves are 
obliquely situated. The episternum is one largo piece resting below on 
the sternum ; the epimerum is as long as the episternum, but narrower. 
The hinder coxm are less spherical and swollen than the mesocoxm. 

Sternum, 

The prosternum is obsolete, being reduced to a narrow membrane 
situated between the coxm, which closely meet. 

The mesosternum is very large and broad, with a curvilinear impressed 
line between the coxm. 

THE ABDOMEN. 

There are ten uromeres 5 ten tergites, the tenth rudimentary, triangular, 
short! Tliere are nine urosternites." The pleural ridge is well developed. 
The cercopoda are long and fllamental, thick at base, multiarticulate. 

There are no x)rothoracic sti^uata, but the first pair is situated on the 
back of the mesothorax behind the coxaej and the second pair on the 
metathorax behind the epimera and above the ctxm. 1 can discover 
only seven pairs of abdominal spiracles. 

21 £ 0^ 
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THE HEAD. 

CEcanthus niveus 9 . — ^The head is long and narrow. The suture be- 
tween the post- and anteclypeus is obsolete in the middle. The occip- 
ital and gular regions are much developed, while the genre are narrow. 

THE THOEAX. 

ISfotum. 

The pronotum is long and narrow. 

The mesonotum is very short; the scutum almost wanting, very short, 
while the scutellum is about one-third as long as wide. 

The metanotum is a little longer than wide; the scutum is shorter than 
broad, slightly swollen on each side; the scutellum is one-half as long 
as the scutum, unusually broad, regularly convex, very obtusely angu- 
lar behind, succeeded by a thin, transverse ridge, which is perhaps the 
postscutellum. 

Fleuruni. 

The propleurum is minute and rudimentary. 

The mesopleurum is very short and oblique; the episternum is a long 
oblong scierite which is moderately broad, while the epimerum is very 
narrow, but as long as the episternum. 

The metapleunm is also very oblique, but the two sclerites are of the 
same width, and both are somewhat broader and larger than the mes- 
episterna. 

Sternum. 

All the sternitcs are broad and full, as indicated in Fig, , so that the 
coxae are wide apart. 

THE ABDOMEN. 

There are eleven uromercs; eleven tergites, and eight urosternites. 
The cercopoda are long, multiarticulate, while the ovipositor is large, 
long, and well developed. 

Remarke. — ^This family is evidently closely allied to the Locustarim, 
while the Acrydii and Phasmida are closely allied, the Mantidm standing 
below next to the lowest group, the Blattarise. 

Order IV. PSEUDONEUEOPTERA. 

Suborder 1. Coeeodentia. 

PEBLID.A3. Plates klj, XLIV, LVII. 

THE HEAD. 

Pteronarcye calif ornica. (PI. XL, figs. 1-2.) Xo occiput. Epicranium 
divided into three regions; vertex large and well marked, about one- 
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fourth as long as broad; eyes on each side; no orbits; the ocellar area 
separjited from the vertex by a well-marked suture, broad, somewliat V- 
shaped. Separated from the third area in front by a deeply-impressed 
line. 

Clypeus narrow, one-half as long as wide, with a narrow projection 
in front. Labrum small, narrow, short, and partly fleshy. Genie of 
moderate extent. Giila but slightly developed; mentuiii short, distinct 
from the submentum. 

TUB THORAX. 

Notum. 

Pronotim {Ftcronarcys cali/ornica). (PI. LVII, fig. 1.) Broad and 
square, nearly as long as broad. 

Mesonottm {Ftcronarcys californica). (Fig. 2.) Priwscutiim sub-cor- 
date, rhoinboidal, with the posterior half triangular, divided by a deep 
mesial impressed line; anterior half smooth and swollen. Patagia (?) 
large and broad. 

Uciitiim very peculiar. It is broader than long, with two large lateral 
bosses in front, apparently corresponding to the two halves of the scu- 
tum in the Neuroptera metamorphotiea, and between them is a broad, 
slightly convex area, which might be regarded as the anterior part of 
the scutellum, but judging by the limits of the metascutellum it is not. 

Scutcllum short and broad, well marked behind, but in front insen- 
sibly merging into the central flat area of the scutum, with no indica- 
tions of a suture. 

Postscutellum, forming a transverse linear ridge of even width 
throughout, with very slight indications of an impressed line along the 
middle of the body. 

Metanotum, (Fig. 3.) Exactly repeats the form of the inesonotnm, 
and is, if anything, a little longer than the mesonotum (the hind wings 
being considerably larger). Oidy the posterior half of the priescntnm 
in the mesonotum is represented in the metanotum, i. e., the cordate, 
roughened portion, with the mesial suture. The lateral bosses of the 
scutum are as far asunder as in the mesonotum. Sciiti^llum crescent- 
shaped; the suture in front is distinct, whereas in the mesonotum it is 
obsolete.'” 

Postscutellum a little larger behind the scutellum than in the ineso- 
notum. 

Behind the metapostscutelluni is a long, transverse, rather broad mem- 
brane which connects the metanotum with the abdomen. It is not the 
first abdominal segment. 

Fletirim. 

Froijleuriim {Ftcronarcys cali/ornica). (PI. XLIY, Fig. 1.) Ei)isternniQ 
and cpimerum both nearly equally developed; the former subtriangular, 
the latter subquadrate, and each in i)art semi-raeml^ranous. 

Acroneuria abnormia tlio lueso- aud metascutcllam are uot separated b^r suture 1‘ruiii the 

Bcutam. 
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Mesojjileurum, (Fig. 2.) The flanks are obliquely inclined. Tlie epi- 
stenium is divided into a supra-episternite and an infra-episternite; the 
latter is trapezoidal, a little longer than broad, with a broad projection 
extending round in front, resting upon the mesosternum. The supra- 
episternite is sub-diamond-shaped, the lower edge triangular, fitting into 
the infra episternite. 

The epimerum is divided into two pieces; the inffa-epimerite is nearly 
as broad as long; the sub-epimerite is long, oblique, irregular in form, 
with three large projections from the surface. 

Trochantine broad and short. Coxa small compared with the troch- 
antine, being about one- third as large. 

Metapleiirum. (Fig. 3.) Exactly repeats the structure of the meso- 
pleurum, except that it is a little longer, as the hind wings are larger 
than the anterior pair. Coxa and trochantine the same as in the meso- 
thor'vx. 

Sternum, 

Prosternum [Pteronarcys californica), (Fig. 4.) Eepresented onlyj^y 
a swollen fold in front ot the insertions of the legs, and by a gill-bearing 
membranous swelling behind. In Aeronenria abnormis there is a broad, 
large, scntellate chitinoiis piece. 

Mesosternum {Pt, californica), (Fig. 5.) This sternite consists of two 
portions, (1) a raised, rounded sclerite (prmsternite) longer than broad, 
and situated on the front of the sternal area, between the two anterior 
gills ; (2) behind is the true sternum, which is a very broad, traus- 
versely-oblong sclerite, square on the sides, and about one-fourth as 
long as broad, and somewhat curvilinear. In Acroneuria abnormis the 
mesosterniun is divided into (1) a large prmsternite, which is broad and 
triangular; and (2) a large trapezoidal sternite. 

Metasternum, (Fig. 0.) The same as in the mesothorax, but slightly 
larger. Behind the sternite, on both meso- and metathorax, are in each 
segment two deep fossm, extending probably into the entothorax (medi- 
and postfurca). In Aeronenria the metastemura is the same in form as 
the mesosternum, but the preesternite is shorter and broader. 

THE UROSOME (ABDOMEN). 

In Pteronarcys californica (Pl.XLIV, figs. 7-9) there are ten abdominal 
segments (uromeres). The tergites are ten in number, the first broad 
and well developed, the tenth small and very short, with a median tri- 
angular projection (supraanal plate); the segment is entire but very 
short sternally. There are no pleiirites, except nearly obsolete mem- 
branous folds on the first and second uromeres, on which the first and 
second pair of spiracles are situated ; oif the other uromeres the remain- 
ing six pair are situated on the lower edge of the tergites. From the 
hinder edge of the eighth urosternitc two short, stout spines project 
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backwards. From the tenth urosome apair of long, inultiarticulate cer- 
copoda arise from broad basal ioints or flaps, forming lateral anal plates. 

PsociDiE. Plate XXXIX, XLIII. 

THE HEAD. 

• 

Fsocus novce scoticc}^ (PI. XXXIX, figs. fl-S.) The head is in its 
structure allied to that of the Perlidm. EpiGraiiiuiii horizontal, nearly 
as long as broad, being square on the sides. Ocelli situated close to- 
gether between the eyes. Clyi)eua very large and swollen, situated be- 
tween the anteniue; in front is a seini-membranous division, which may 
be the ante-clypeus; this sclerite is not quite so wide as the large, broad 
labrum. The gular region and mentum are broad. 

THE THORAX. 

Kotum. 

m 

Fronotum {Fsocus novw-scotice Walk). Very small, depressed, over- 
lai^ped by the heade, biug much reduced in size compared with the 
Perlidm. 

Mesonotum (PI. XLIII, fig. 10) very high and convex ; seen from above, 
much rounded in front. Pnescutum large, prominent, liigh and rounded, 
subcordate, but with no median impressed line. 

Scutum very short and broad, deeply excavated in front for the 
receiJtion of the prjescutum ; each side is much swollen, the swollen 
areas being separated by the broad median impressed line. 

Scutellum small and short, three or four times as wide as long, with 
a median acute angle in front, and aiigulated on each side anteriorly; 
while from each posterior angle a high narrow ridge diverges to the 
hinder part of the insertion of the fore wing. No postscutellum is 
visible. 

Metanotum (Fig. 11) smiill, one-h<alf as long as the mesonotum. The 
pra?scutuin is very small, subtriangular, broad and sliort, deju'essed. 
Scutum one-quarter as long as broad, consisting of two inflated halves, 
Avith a median impressed lino. 

Scutellum minute, rudimentary, somewhat rounded. 

Fleuruin. 

Fropleurum. The opisternura and epimeriim rudimentary, though 
rather long ; while the coxa and tlochantine arc largo and long, beiiig 
well developed. 

Mesopleurum. (Fig. 12.) Bpistemum and epimerum long and narrow ; 
not oblique, but vertical ; the episternum a little thicker than the epi- 
merum. ) 


large species of Psoens inhabiting coniferons trees in Maine; kindly identified by Dr. Hagen. 
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Metapleurum. (Fig. 12.) Episternam much as in mesothorax^ but the 
epimeriim is narrow, triangular, and reduced to a point next to the 
trochantine. Coxa and trochantine well developed, rather long and 
large ; the coxa considerably narrower than the trochantine. 

Sternum, 

Prostermim, Very small, rudimentary. 

Mesosternum very small, triangular j the cox® nearly meeting on the 
median line of the body. 

Metasternum small. 

Termitid-®:. Plates XXXIX, figs. 1-5; XL, figs. 3, 4, 8; XLI, XLII, 

XLIII, figs. 1-9. 

THE HEAD. 

Tet'mopsis angusticollis, (PI. XXXIX, figs. 1-3.) The head is brqjid 
and flat, oblong-oval in shape. The epicranial region is remarkably 
simple, not subdivided, with no V-shaped suture, and the eyes are very 
small. The clypeus is very simple, very short and broad ; and only an 
impressed line, no suture, separates it from the epicraiiium. The labruin 
is large, one-half as long as broad, and much longer than the clypeus. The 
gen® are separated from the upi)er portion of the epicranium by a sharp, 
lateral, conspicuous ridge. The gular region is small, membranous. 
The labium is not differentiated into a submentuin and mentuin. 

In Termes flavipes (figs. 4, 5) the head is oblong, with faint traces of a 
V-shaped suture; the clypeus is subdivided into an anterior and pos- 
terior portion, the two subequal and well niarked. 

THE THORAX. 

Notum, 

Pronotum ( Termopsis). (PI. XLIII, fig. 1.) Somewhat crescent-shaped, 
being excavated in front and rounded behind. 

Mesonotum, (Fig. 2.) Eemarkably square, as long as broad, with the 
elements but partly differentiated, an approach to that of Pterouarcys, 
the slight partial anterior attachment of the wings being correlated 
with the undeveloped nature of the tergal sclerites. The prmscutum 
is not visible. 

The scutellum is not differentiated from the scutum; the latter 
forming a somewhat swollen flattened boss on each side, but in the 
middle of the notum contracted, becon?iiig narrow, the region where 
the scutellum usually is being about a quarter less wide than the scutal 
region. Postscutellijm wanting. 

Metanotum. (Fig. 3.) Considerably smaller than the mesonotum, 
hour-glass shaped, being much contracted in the middle, forming an 
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anterior or scutal and a posterior or scutellar region. Each side of the 
scutal region is swollen in front, but the scutelluiii is not indicated by 
sutures. Posteriorly the scutellar' region spreads out laterally. Tlie 
wings on both segments are only attached by feeble, local, restricted 
areas to the front part of the scutum. 

In Termes Jlavipes ^PL XLII, figs. 1-3) there are important differences 
from Termopsis. 

The pronottim is one-half as long as the head, well rounded behind, 
and one-fourth shorter than broad. 

In the mesonotum the scutum and scutellum are differentiated; the 
scutum is broad and short, one-half as long as broad, and rounded be- 
hind. The scutellum is quite free from it, and is larger than the scutum, 
being longer, with the sides prolonged toward the posterior insertion of 
the wings. 

In the metanotum (Fig. 3) the scutum is very broad and short, shorter 
than the mesoscutum, and only two-thirds as long as the metascutel- 
lum; the latter is large and broad, being a little shorter than broad. 
No prm- or postscutellum in either segment. 

The meso- and metanotum are considerably narrower than the tliorax 
itself, and are margined with membrane, the insertion of the wings 
being tergal and very weak. 


Pleurum. 

Propleurum (Termopsis angusticollis). (Fig. 4.) The sides of the pro- 
thorax are much flattened, as if (seen from above) the body had been 
squeezed and the flanks pressed out, so that they present a rather wide 
lateral area on each side of the tergites. The ei)isterniim forms a nar- 
row (vertically) linear piece. The epimerum is membranous, narrow, 
but wider tlian the episternum. The coxa and trochantine are consol- 
idated in one large oval-oblong sclerite. 

Mesopleurum. (Fig. 5.) Episternum forming one large, irregular 
piece, expanding above the middle, anteriorly forming a triangle. Tlie 
epimerum is much smaller and scmi-membraiious. The trochantine is 
large and long, being oblong-ovate; coxa as long as the trocliantine, but 
narrower, and i)ressed ui) (so to speak) beyond it. 

Metaplexirum, (Fig. 6.) Much shorter than that of the mesothorax. 
Episternum much narrower, while the trochantine is broader and much 
shorter in i>roportion; otherwise much as in the i)receding segment. 

In Termes Jlavipes (Fig. 4) the pro-episternum is represented by a 
narrow sclerite situated in front gf and below the pronotum, and sep- 
arated from the sternites by a suture. The epimerum is a minute, trian- 
gular sclerite situated over Ijie coxa. The trochantine is large and 
long, and the coxa is of the same length. 

Mesopleurum. (Fig. 5.) The episternum is well developed, narrow, 
curved, triangular. The epimerum is much smaller, and both pieces are 
situated obliquely. The trochantine and coxa are of the same size and 
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leii^^th, and are unusually free from each other, the two sclerites tojjcther 
forming a very broad and thick portion for the attachment of tlie legs. 

Metapleurum. (Fig. 6.) Much as in the mesopleurum, with the coxa 
pointed at the lower and posterior end; both the ineso- and inetapleurites 
are more oblique than the propleurites, while the meta- are fully as large 
as the mesopleurites. 

Stemumu 

Tennojms. (Fig. 7.) The prosternum is triangular, about as long as 
broad. 

The mesosternum is about three times as large as the prosteruuin, and 
also equilaterally triangular, with the posterior apex acute. Metaster- 
num'? 

Termes fiampes. (Figs. 7-9.) The prosternum is rudimentary, consist- 
ing of four sclerites; two large ones next to the epistcrnum in front, and 
two minute triangular ones behind. The meso- and metasterna are 
entire, broadly triangular, and rather large, with a pair of accessory 
sclerites in front of the coxm. The coxae seen from beneath are divided 
by a deeiily-impressed longitudinal line. 

TUB ABDOMEN. 

The abdomen of Termopsis is much as in Blatta; it is very flat, broad, 
oval-oblong; ten uromeres, the first tergite broad and long; the tenth 


D. V. L. 



Fio. 12.-- Abdomen of Termopsla angusticolliH. D, dorsal ; V, ventral ; L, lateral view. Enlarged 

Gissler, del. 


short, triangular, small, only extending between the short five-jointed 
cercopoda. There are nine urosteruites. The pleurites of the abdomen 
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(uroplenritos) are only seen from beneath, but are well developed. The 
abdomen of Termes Jiavipes is substantially as in Terniopsis. 



Fig. 13. — Abdomen of Termes flavipcs. Lettering as in ilg. 12. Eulurgt?d. 


Suborder 2. Odonata. Plates XLVI.1-L. 

THE HEAD. 

Agrion verticale Say. (PI. XLVII, figs. 4-6.) The slrnetiire of the 
head of Agriou and Calopteryx is more easily understood than that of 
Aijschua and Libellula, as their eyes are much smaller, and the develop- 
ment of tlio epieraniiiin is more equable and normal. Tlie head is unusu- 
ally short and wide; the orbits very wide; eyes spherical. Tlie epicra- 
niuin, exclusive of the orbits, is about as long as broad, with a decided 
ocellar area, the ocelli being large and closely contiguous. In front of 
the ocelli is a deep imiiresscd line parallel to the clypeus. 

The clypeus is moderately large, about one-half as long as broad, 
with a high, sharp, shelf-like side; it is divided into a clypeus posterior 
and anterior; the post-clypeus being horizontal like a shelf, and the 
anteclypeus forming a vertical wall. 

The labrum is large and broad, well rounded in front. The geiije are 
very large and broad, smooth, and continuous with the orbits. The 
gula is membranous. 

In Calopteryx maculata the head is much as in Agrion, but the clypeus 
is more clearly defined and separate from the epicranium than in Agrion. 
The epicraniuin is wider aiuUlarger than in Agrion; a transverse im- 
pressed line separates it into a posterior and anterior area. 

In JEschna heros (PI. XLVII, figs. 1-3) there is ijo definite trace of the 
occiput, unless a postorbital ridge betw een the gula and orbits marks 
its limits. This ridge becomes obsolete towards the median line near the 
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vertex. As the eyes are enormous and meet on the median line of the 
head, the epicranium is divided by them into three portions : 1, a naiT- 
row orbito-gular area, not seen from above; 2, an ocello-anteanal, very 
small, subtriangular area ; and 3, a pre-antennal, large area, correspond- 
ing to the small ante-antennal area in Agrion. This area, with the 
clyi)eus, forms the peculiar shelf-like i)rojoction of the front of the head. 
The area is divided into a horizontal broad area and a transverse cres- 
cent-shaped subarea, separated from the horizontal portion by a sharp 
ridge. The clypeus is very large and full, reaching from eye to eye, 
and nearly as long as broad. It i^ separated from the epicranium by a 
well-nnirked curvilinear suture. In front it incloses the ante- clypeus, 
which is a crescent-sliapcd sclerite no wider than the labrum, and sep- 
arated by a distinct suture from the clyi)cus proper. 

The labrum is large and broad, very distinct from the clypeus. 

THE THORAX. 

Notum. 

The Odonata are characterized by the unusual development of the 
pleurites, the meso-episternum forming the larger part of the dorsum 
of the thorax, the raeso- and metanotum being greatly reduced in size, 
owing to the great and long-sustained i)owers of flight possessed by 
these insects. 

In Agrion the pronotum (PI. XLVII, fig. 10) is well developed com- 
pared with the meso- and metanotum; somewhat broader than long, 
divided into three areas, being emargiuate in front and beliind, with the 
edges turned up, while the large central area has two lateral, slightly 
swollen areas. 

Mesonotum. (Fig. 11.) The prmscutum not visible; scutum entire, 
minute, not much longer than wide. The scutellum is a much swollen 
rounded knob, with the base subtriangular, not much smaller than the 
scutum. The post scutellum appears to be a moderately broad, ev^en, 
tw'o-ridged, transverse band. 

The metanotum (Fig. 11) repeats the general appesirance of the meso- 
notum and is of the same size, the wings being alike. The pnescutuin 
is not visible. The scutum is deeply divided into two halves, each 
half minute and much swollen. The scutellum as in mesonotum, but 
considerably larger. The post-scutellum is very distinct, forming a 
transversely-oblong piece no wider than the scutellum. 

Caloi)teryx (PI. XLVIII, figs. 6-6) is substantially as in Agrion, as 
regards the notum. 

In JliJschna heros the pronotum is small and narrow, and nearly con- 
cealed from above by the head. It is about two-thirds as long as broad, 
divided into a short transverse ridge and a posterior, longer portion 
subtriangular behind^ by a deep constriction or impressed line. 

Mesonotum. (PI. XLYIII, fig. 3.) The prmscutum obsolete, not visi- 
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ble from above. Scutum subtrapezoidal, longer tlican broad; acute 
iJebind, with an appendicular area between the conical end and the scu- 
tellum, consisting of two diverging tubercles, from which a narrow ridge 
falls away on each side, forming the origin of the 5th vein of the w ings 
on each side. (Fig. 3, v. 5.) 

The scutelluin is swollen, triangular, as broad as long, the apex 
directed backwards and wedged in between the separate halves of the 
post-scutellum, which is represented by two triangular bosses, the apices 
separated by the pointed end of the scutelluin, the bases connected by a 
ridge concealed by the end of the scutelluin. 

Metanotuin. (Fig. 4.) There is a pair of patagia, one in front of the 
base of each hind wing. No prmscutum. The sciitnin is innch larger 
than the inesoscutuin, a little longer than broad; each side raised into 
an oblong-oval boss, with a narrow, acute, triangular, depressed, Hat 
area between, and bounded behind by a converging ridge, w hich is suc- 
ceeded by a iieculiar diverging ridge (v. 5), like that in the inesonotum, 
which is the origin of the 5th vein of the second pair of wings. 

The scutelluin is much larger than in the inesonotum, nearly square, 
smooth and Hat ; the posterior one-half vertical, thin, and more or less 
elastic and membranous, moving upon the abdomen. (This posterior 
portion may represent the post-scutellum, which is otherwise absent, but 
there are no signs of a suture.) Post-scutellum absent (^) See Fig. 4, 
p. sch", for what may prove to be the post-scutellum. 

Pleurum. 

In Agrion (Fig. 7) the pro-episternum and epiinerum of each side are 
minute, rudimentary, and submembranous, and in position are vertical, 

Mesopleurum, The episternum in the Odonata differs remarkably 
from all other Pseudoncuroptera and indeed from all other insects, only 
tlie Acrydii approaching them in the enormously long and largo epi- 
sterna, which meet in front to form a large, dorsal, convex area, that usu- 
ally occupied in other insects by the scutum. The epimerum is a similar 
piece, and nearly as large as the lateral portion of the episternum; it 
is in Agrion consolidated with the meta-episternum. In Calopteryx, 
however (Fig. 6), where the thorax is broader and higher, the two scle- 
rites are separate. 

The cox® are small, conical ; the trochaiitine is small, triangular, and 
situated directly over the small conical coxa. 

Metapleurum. (Fig. 8.) The episternum repeats the form of that of 
the mesopleurum, but is consolidated with the meso-episternum. The 
episternum, seen laterally, is regularly oblong, and three times as long 
as broad. • 

The trochantine is a triangular piece, situated directly over the small 
subcQuical coxa. I 

In Calopteryx (Fig. G) the meso-episternum and epimerum are much 
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as in Agrion ; those of the metaplenmm are much as in the meso-, but 
a well-marked suture* separates the meso epimerum from the meta-epf- 
stcrnum, and the latter is much wider towards the insertion of the wing 
than next to the coxa. 

In the prothorax of iEschna the episternum is very small, and sub- 
divided into several pieces; the epimeriim is larger and not divided; it 
is about as long as broad, and posteriorly submembranous. 

The coxa is very large, being much enlarged within, meeting the 
opposite coxa on the median line. 

Mesopleurum (Fig. 1) enormous, and forming a large part of the dor- 
sal region of the thorax. The episternum is enormous, forming with 
its fellow on the opposite side a large i)roportion of the front and meso- 
iiotum; the foramen leading into the prothorax is situated very low, 
the mcsostigmata being situated on the upper side of the opening. 
The two meso-episterna unite to form the front of the mesothorax and 
also the anterior fourth or third of the dorsal region of the entire thorax. 
Dorsally there is on the united episterna a higli median ridge becom- 
ing forked behind, with two lateral diverging transverse ridges. The 
ridge originates in front from the hinder border of a transverse cres- 
cent-shaped area directly above the foramen leading into the pro- 
thorax. A straight, distinct suture separates the episternum from the 
epimerum. Between the episternum and the trochantine is a sclerite, the 
nature of which is uncertain; by its close relation to the sternum it may 
be the infra-episternum and probably not the coxa, the latter appearing 
to be obsolete. 

The epimerum is large, broad, oblique, and below in front of the meta- 
stigma separated by suture from the meta-episternum, but above there 
is no suture, only a broad, valley-like depression. 

Metajpleurum. The episternum is about one-half as wide as the large, 
swollen, smooth epimeriiin, which composes the posterior third of the 
pleurum of the thorax. Below the metastigina is a square sclerite, 
directly over the trochantine, which is probably the infra-episternum, 
there apparently being no coxa; the trochantine as in the prothorax. 

Sternum, 

In Agrion the prostemum is small, triangular, longer than broad, 
with the apex acute. 

Mesosternum a littje larger and broader than the prosternum, but 
still small. 

Metasternum, What I am disposed' to regard as this sclerite is a very 
large, elongated, polygonal area, which is semi-membranous and flat. 

In Calopteryx the sternites are as in A'grion, but the metasternum is 
broader and shorter, with an anterior deeply impressed median line; 

In ^schna the mh.sosternum is small, broad, irregular; while the 
metasternum is much smaller, nearly obsolete in front of the legs. 
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and behind is a broad, sternal, large area, broader and shorter than iii 
Agrioii. ^ 

It should be observed that in Odonata the middle and hind legs arc 
close together. 

THE ABDOMEN. 

In Agrion (PI. L, figs. 4-6) there are ten uromeres. The first tergitc is 
well-developed, the second one-half as long as the five succeeding tergites. 
Fo pleurites, the tergites overlapping the urosteriiites, whicli are very 
narrow. The tenth urosome shorter than broad. The claspcrs i)ossibly 
represent an eleventh urosorae, as such a segment is develo])ed in the 
embryo, but in the adult the claspers appear to be appendages (cer- 
copoda) of the tenth urosorae. Calopteryx closely resembles Agrion as 
to its abdomen. 

In ASschna (PI. XLIX, L. figs. 1-3) there are ten uromeres; and the 
rudiments of an eleventh urosteriiite; the cercopoda (c) are long and 
spatulate. 

Suborder 3 EPHEMERIXA. Plates XLV, XLVI. 

THE HEAD. 

f 

Ephemera , — It has been difficult with the material at my command to 
properly describe the external anatomy of any member of this group. 
The species examined was our commonest Ephemera in Rhode Island, 
identified by Dr. Hagen as ])robably E, cupida (Leptophlebia) Walk., 
and also aspecies of Palingenia. There is a great deal of variation in 
the form of the thorax and head in the genera of this suborder, which 
is as much specialized in its way as the Odonata is in its. 

In examining tlie under side of the head of an alcoholic Ephemera, 
the subject of the drawing made by Dr. Gissler (Fig. 2), there is a cav- 
ernous area, at the bottom of which I can discover what ai^pear to be 
the rudiments of the maxilUe and labium. There are certainly no rudi- 
ments of the mandibles. The gular region and the mentum can be dis- 
tinguished, and I think I can detect the labial palpi and lingua; con- 
cerning the maxillro I am less certain. The drawing was made by Dr. 
Gissler from but one specimen, and while correct in most respects he 
regards the sketch of the mouth-i)arts as provisional. The general 
relations of the under side of the head are as he drew them, with one or 
two corrections made by the writer. 

In an alcoholic specimen of Palingenia hilineata (perhaps a subimago) 
I can discover no certain rudiments of any of the mouth-parts. The 
under side of the head forms a deep hollow, and the mouth region is a 
deep pit, bounded by a high, thin wall in front — the lower edge of the 
clypeus. This pit is open to the roof of the mouth or clypeus. It is 
impossible to distinguish the rudiments of any of|;he mouth parts, and 
practically they appear to be wholly obsolete. 
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THE THORAX. 

' Notum. 

This region of the body is more highly concentrated than in any other 
Phyloptcra, not excepting the Trichoi)tera. The prothorax is a rather 
wide collar, longer and broader than in the Trichoptera, but the meso- 
thorax is spherical and very large in proportion to the metathorax, 
which is nidimentary and but slightly developed j owing therefore to 
the large mesothorax and the small pro- aiid metathorax, the entire 
thorax is oval-ellii)tical, and much consolidated, thus approaching in its 
general appearance the general shape of the Tipulid thorax, or that of 
the lower Lepidoptera. 

Pronotum. This forms a broad collar extending backwards on each 
side, the hinder edge being excavated in the middle. 

MesonoUim. This is long and well developed, not so wide as the body, 
the flanks extending out, when seen from above, beyond the sides of 
the notum. The prmscutiiin is well develoi3ed, forming a round, con- 
vex, swollen sclerite as long as broad, with a median suture-like im- 
pression. The scutum is very large and long, oval, about one-third 
longer than broad, slightly broader behind than in front. 

The scutellum is largo and well developed, irregularly scutellate in 
outline, with two bosses in front; the posterior end is narrow, truncate 
at the end, with the surface at the end somewhat swollen. 

Metanotum. The metathoracic segment is small, very short, and the 
notum and sternum, as also the pleurites, are somewhat rudimentary. 
The surface of the notum is somewhat depressed below the level of the 
mesoscutellum. It is difficult to describe the sclcrites, wiiich are rep- 
resented in Fig. 1. The entire segment is about one-third as long as 
broad. The scutum is not well differentiated, being represented by a 
median irregular area (Fig. 1 sc") about half as long as broad. No scu- 
tellum and postscutellum can be distinguished with certainty. 

Pleurum. 

The sclerites of the flanks are difficult to distinguish. In their de- 
velopment and arrangement the Ei)hemerina differ from all other Phy- 
loptera. 

Afesopleiirum, Though there are a number of sclcrites in the meso- 
thorax it is difficult to distinguish what are properly episterna and epi- 
mera. The region of the mesepisternum is indicated in Fig. 2 ^is", 
and is much larger than the epimeral, which is the region situated over 
the insertion of the middle pair of legs. 

The first pair of* spiracles is situated on the mesothorax under and 
in front of the insertion of the first pair of wings; the second pair is 
situated on the metathorax directly under the insertion of the second 
pair of wings. ^ 

In the metapleiir'Hm the epistemal region is quite limited and minute 
compared with the large mesepisternal region ; what I am inclined to 
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regard as the epimerura appears to be the sclerite e m" (Fig. 2), which 
in the sketch is situated directly under the motanotum. 

Sternum. 

Prosternum. This is a small triangular area situated between the 
insertion of the legs. 

Mesosternum. This is a very large region divided into a pra3Sternito 
and sternite. The former is narrow, as long as broad, the surftice con- 
vex. The sternite is divided into two large, long, oval portions extend- 
ing far back of the insertion of the legs. 

Metasternum. This sclerite is very short, small and nidi men tary. 

THE ABDOMEN. 

There are ten abdominal segments. The first tergite is wanting, the 
tenth is a supra-anal plate. There are nine urosternites; the basal is 
large and long, with a pair of spiracles. The 11th uromere may be repre- 
sented by the median articulated appendage situated between the two 
very long multi-articulated cercopoda. The 10th urite is represented 
by two long, oval, parallel plates. 

A remarkable feature of the male Ephemerina is the two pairs of 
jointed appendages rising from beneath the cercopoda. These may 
be regarded as homologues of two pairs of the rhabdites composing the 
ovipositor of the female of other insects. The lower pair (Fig. 1 rh) 
is 3 jointed (perhaps 4-jointed), while the upper pair {rh') is 2Jointed. 
Wo know of no other insects which have two pairs of jointed claspers. 
These singular organs may bo called rhahdopoda. They appear to be 
homologues of the abdominal feet of Myriapods, the abdominal legs of 
Tenthredinid and Lepidopterous larvcc, and the spinnerets of spiders. 

The adult Ephemerina, then, in the lack of mouth-parts, in the con- 
centrated thorax, and the possession of two pairs of abdominal jointed 
appendages, differ remarkably from the Odonata and other Phyloptera, 
so that we are nearly justified in regarding the group as entitled to rank 
as a suborder. 

Order NEUROPTERA (as restricted by Ericlison). 

Suborder 1. Planipennia. 

Family SIALIDA3. ’ 

THE HEAD. 

• 

Corydalus cornutus. (PI. LII, figs. 1-3.) Head very broad and flat ; ver- 
tex remarkably large, broad, Icgig, and fiat, forming the bulk of the epi- 
cranium. Ocelli three, large, but the ocellar area is small , with no suture ; 
the ante- antennal (orbital) fossse large and consyicuous, transversely 
oval above, beneath curvilinear. No suture between the clypeus and 
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epicraniiim, the very broad clypeiis being indefinitely bounded beliind, 
the front edge projecting over and concealing thd short, broad labrum, 
and the edge thickened and tridentate. Mandibles of male enormous, 
their base partly covered by the clypeus. The genm are very large and 
broad, bounded (in part) in front by the ante-antennal curvilinear fossa). 
The gula is solid, long, and narrow, extending from the occipital siitare 
to the mentum, there being no submental suture; lateral sutures sepa- 
rate the mentum plainly from the gulm; siibmentum very broad. The 
occiput is present, appearing as a short and broad area, with a median, 
transversely-oblong sternite forming the base of the gula. (See larva.) 

BaphifUa ohlita,^^* (PI. LI, fig. 6-7.) Head as in Oorydalus, but the 
vertex is longer in proportion and the clypeus, being smooth, is better 
limited. The ocelli are cither presenter absent, and there is no distinct 
area. The labrum is large, the clypeus not concealing it. There are no 
fossm. The gen® are very large, meeting over the gula, which is obso- 
lete, except in front, where it is broad and triangular, and forms a sub- 
mental region. The occiput is api)arently well marked, forming the 
neck, and with a suture in front. 

THE THORAX. 

Notum, 

Pronotum {Gorydalns), Large and square, about 
as long as broad; full in front and sinuous behind; 
somewhat hollowed in the middle. 

Eaphidia, (PL LI-V, fig. 10.) Long and narrow, 
rectangular, very slightly excavated in front, and 
pointed behind. 

Menonotum {Corydalus. (Fig. 12). Prmscutum 
[•quotum of Corjdaia., l>roadly siibtriangular, shorter tliiiii in Baphidia, 
enlarged. Uut Diorc distiiict. Scutum Completely cleft, the 
prmscutum and scutellum touching; each division of the scutum sub- 
quadrate. Postscutellum large and long, very wide, and well devel- 
oped. 

Baphidia, (PI. LIV, fig. 11.) Prmscutum well developed, larger, 
but otherwise as in Corydalus. Scutum completely cleft, so that the 
prmscutum meets the scutellum; the latter shorter than broad, obtuse 
at the apex in front, being subtriangular. Postscutellum well developed, 
wide, and of nearly the same length throughout, but incised in the middle 
to receive the scutellum. 

Metanotum {Corydalm), Prmscufum much as in Kaphidia, but 
smaller; scutum not entirely divided; scutellum triangular, less acute 
in front than in Polystcechotes, but moie so than in Kaphidia. Post- 
scutellum well developed, transversely linear. 



'^^liaphidia oblita Hagen, ftvm California. 
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Eaphidia, (PL LIV, lig. 12.) Pnesciitimi present, but obscurely 
marked, being almost obsolete, but tlie outline is seen to be triangular. 
The scutum is large, only half divided by the sciitelliim, which is much 
shorter than broad, but triangular in form. Postscutelluin forms a nar- 
row, transverse band, which is shorter than in the mesonotiim. 

Pleunm. 

Corydahis, In the propletirum (PL LX IV, lig. 1) the episternum and 
epinicrum are minute, rudimentary, and not well defined; owing to the 
great size of the stern ite no trochantine is visible. The coxa is large 
and thick, about twice as large as the succeeding coxie. 

Eaphidia, (PL LIV, fig. lil). Much as in Oorydalus; the episternum 
and epimerum are minute and rudimmitary, the relative form of these 
sclerites not being easily made out. The coxie, however, are long and 
thick, and much larger than those of the ineso- and metathorax. 

In Corydahis (Pig. 2) the meso-flanks are rather short and thick ; the 
suprasterjiite square. The episternum is a little longer than broad; 
the suture between it and the sternite is obsolete. The epinuumm is 
moderately long, widening considerably towards the insertion of the 
Avings. The coxa is very short and thick. The trochantine is very 
small ; one-half as large as the coxa. 

Eaphidia, (PL LIV, fig. 14.) The mesopleuritcs are just as in Cory- 
dalus, but longer and slenderer, and the suture of the sternum is well 
marked. The epiilieriim is longer and narrower above than in Cory- 
dalus, and the trochantine is small; coxa moderately large. 

MetapJeurum {Corydahis), (Fig. 12.) The flanks of the metathorax 
are longer,?*, e., thicker, than in the inesothorax; being also shorter 
A^ertically. The episternites are shorter vertically, but thicker, and the 
coxie are shorter and thicker. The epimerum. is undivided, not so wade 
above (next to the insertion of the wings) as in the inesothorax. Thii 
trochantine is a little smaller than in the inesothorax. 

Eaphidia, (PL LIV, fig. 15.) As in Corydahis, the metaiileurites are 
decidedly thicker and longer than the pleuritcs of the inesothorax. The 
episterua are both larger and thicker than in the inesothorax. The epi- 
meruin is not divided, narrower below, and wider towards the insertion 
of the wing than in the inesothorax. The coxa is nearly twice as large 
as in the inesothorax. 

Sternum. 

Corydalus. The prosternum (Fig. 4) is remarkably large, square, Avith 
an anterior, short, separate piece, or irnes tern ite. 

The mesosternum (Fig. 5) is large and very broad, transversely sub- 
oblong, the suture between it and the infra-sternite only lAartial. 

The metasternum is as in the mesothorax, but a little larger (Fig. G). 

Eaphidia. The prosternum (PL LIV, fig. IG) is f ery large, long, and 
narrow oblong antero-posteriorly, and is covered by the bent-down 
22 E 0 
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tergite. The mesosfcrnnm (fig. 17) is large, each half subrhomboidal and 
l)assing laterally, forming a ridge between the sur- and infra-episternites. 
The metasternum (fig. 18) is much as in the mesosternum, there being no 
Sfiecial dill'erence in form or size, since the meso- and metathorax ai*e of 
the same size. 

THE ABDO^nSN. 

Corydalus, The $ abdomen (PI. LV^'II, ligs. 4-^5 PL LVIII, fig. 1) is not 
very long, but broad and thick; ten uromeres; ten tergites, the tenth 
rudimentary and conical, concealed by the large ninth tergite, which is 
cleft, and bears two i)airs of large, long claspers, which are jointed to 
the tergite. Tlie pleuritcs are narrow, membranous. There are eight 
urosternites, the eighth cleft along the entire length. 

RapMdia, The $ abdomen is moderately long, broad, spindle-shai)ed. 
There are ten uromeres; ten tergites, the tenth small. The jdeurites 
are well developed, but narrow, bearing the spiracles. Of the urostern- 
ites, seven are well developed, and the ovipositor is remarkably well de- 
veloped, more so than in any other Ncuroptera (PI. LVIII, fig. 5-7). 

nEMEROBIIDJS. 

THE HEAD. 

Ascalaphus?^^ (PI. LI, figs. 3-4.) The head is held vertically; it is 
broad and short; the eyes are very large, approaching the Odonata in 
this respect, and are double. The epicraniiim is small and narrow on the 
vertex, owing to the large eyes, which nearly meet above. The orbits 
are very wide in front of the eyes; the clypeus broad, double, being di- 
vided into an anterior and posterior clypeus; the latter is smooth and 
flat, transversely oblong, limited on the sides by two deep linear fossm; 
the antecly])eus narrows in front and is broadly trapezoidal, but is con- 
siderably shorter than the postclypeus. The labriiin is broad and very 
short, the I’ront edge a little excavated. Tlie geme arc large, full, and 
swollen. The gular region is depressed, moderately wide. 

Myrmeleon diversim Ilag.*^' ( PL LI, figs. 1, 2). The head is short and 
moderately broad; the vertex is full and swollen on each side of the 
median furrow. No ocelli, and no ocellar area, the latter region being 
sunken and obsolete. Thcre are two deep, antc-antcnncal, linear, orbital 
fossic in front at the baseof the clypeus. There is no well-marked clypeal 
suture. The clypeus is a little shorter than broad, the posterior and 
anterior divisions being slightly indicated by a ridge. The labruiu is 
short and broad. The gula is broad.and membranous. 

Folystceehotes nehulosus. (PL LT, figs. 8-10.) The head is of the same 
shape as in Myrmeleon, but the vertex is^3ntire, full, and convex. Ocelli 
wanting, but the ocellar area is full, raised, tiiough not well defined. 

loTogieornU 9 from Jersey. 

The specimeoe examined were from Colorado. 1 am indebted to Dr. II. Hagen for the idouiidcation 
of tho species. 



NEUROPTEKA. 


339 


Tl»o orbits ni'o large. Tho orbital fossa> are round, but not so distinct 
as in iMyrincdcon. The olyixMis is as long as broad, tlio sutures more 
distinct than in !\ryrineleon; the median transverse ridge is more distinct 
thar in Myrmeleon. The post- and antecly])ens are nearly ecpial in size. 
Labrnm as in ^lyrmeleon. The gala is broad, membranous. 

{ PI. LTI, ligs. l-G.) The head is held vertically, ami is as 
broad as long. The epicraninm is broader than long, rather tlat, with no 
V-shape<l suture or ocellar area. The clypeus is large, very distinct, 
nearly as broad as long, square at the 1 as;‘, but constricted in the middle. 
The labruin is large, broader than long, much rounded and i)rodueed in 
iVout. The gome are broad, and the gnlar region is rather narrow, but 
moderately so compared with Corydalus. The submentum(?) is large, 
and nearly as long as broad. The ligula is very large and long, spatu- 
late, not divided, apd very simple compared with Corydalus. 

THE THORAX. 

Not urn. 

Tn Amilaphus the pronofum (IM. LVI, fig. 1) is short and small, 
divided into two halves by a deep median suture. In its shape it 
approaches that of the Odonata more than any other true Xeiiroptcu’a. 

Myrmeleon, (PI. LIV, lig. 1.) It is scjuare, much excavatml behind 
and full in front, a little narrower than long. 

Pitlystwchofes, (PI. LVII, lig. 8.) It is one-half as long as broad, and 
is alittle excavated in front and behind. 

Monlispa. It is very long, being twice as long as its greatest breadth, 
subi)yriform in outline, nearly twice as broa<l in front (full on the front 
edge) as behind. It is exca\ated behind (PI. LV, lig. 1). 

The mesonotum. Ascalap/ius, (PI. LVI, lig. 2.) The lu’iescutum is 
large with the central ])ortioii subcordate, hunger than in Myrmeleon. 
The scutum is almost entirely divided. Scutellum large and swollen, 
ai)ex very obtuse; the postsciitellum forms a transverse, tlat ridge. 

Myrmeleon (PI. LLV'^, lig. 2.) Kectangular in outline. The pivescutum 
is very large, as long as broad, and miudi as in Polysbe.chotes. Tin*, 
scutum is not deeply cleft, the median third being entire. The scutcl- 
luni is small, siibtriangular, broad, and with the ai)ex obtuse, while the 
side sclerites are large*, as in the inetauotum. Postsciitellum^ 

Folysfcechotes, (PI. LVJ, lig. 9). The pra‘sculum is very large, being 
nearly as large and wide as the scutuiii, and diviiled by a median furrow ; 
each half full aud rounded in front. The scutum is completely cleft, the 
l)riescut:um and scutellum touching; each side of the scutum is sipiarish. 
The scutellum is broader than long, very acute, being produced in front, 
forming a long point. The i)oMscutellum is rather large aud very wide, 
being divided by a median suture. 

Mantispa, (PI. LV, lig. 2.) Pra‘scutiim biinutd, nearly obsolete, not 


^‘‘^Mantispa Irunnea Say, fi-oiu Utah; iih-utilii-d by Dr. JIaireu. 
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visible from above. The scutum is, however, much larger than in any 
other genera of I^europtera (restricted), being only cleft on the posterior 
one-fifth. The scutellum is very short and broad; one-fourth as long as 
broad, with a linear, depressed, acute apex. The postscutellum is not 
visible from above, and is only seen by examining the posterior aspect 
of the segment in dissected specimens. 

Tbe metanotum {Ascalaphm). (PI. LVI, fig. 3.) Much smaller than the 
mesonotura. The pncscutum is unusually large, with a swollen cordate 
portion. The scutum is entirely divided, the two halves widely sepa- 
rated, the pr®8cutum and scutellum meeting, the point of juncture being 
very wide. 

Myrmeleon. (PI. LIV, fig. 3.) The pricscutnm is large, excavated in 
front, though not so large as in Polystoechotes ; it is wider than the 
scutellum. The scutum is entirely divided into halves, so that the prie- 
scutum and scutellum touch each other. The scutellum is very full and 
rounded behind, as long as broad, not being triangular ; the side pieces 
are large, seen from above. 

Polystoechotes. (PI. LVI, fig. 10.) Prmscutumf The scutum is com- 
pletely divided by the sciitelluin, which is acutely triangiihir. Postscu- 
tellum ! 

Mantispa. (PI. LY, fig. 3.) The priescutum obsolete, not visible from 
above. The scutifm is larger than usual, but only cleft on the posterior 
fburtli of its length; the scutellum is short, acutely triangular in front, 
but very broad, and the sides in front are sinuous; it is smaller and nar- 
rower than in the mesonotum. The postacutellum is not visible unless the 
specimen is dissected, when it is seen to form the back of the segment. 

Fleiirim. 

Propleurum {Ascalaplms). The pleurum is hard to describe from a 
single specimen, but the scleritcs are much rounded, full, and swollen; 
the mesothorax is nearly one-third longer and thicker than the meta- 
thorax, while the thorax as a whole is spherical and much consolidated. 

Myrmeleon. (PI. LIV, fig. 7.) The episterniim is nearly twice as large 
as the epimerum. The coxae are very large and long. 

Polystoechotes. The episterniim is not so much larger than the epiinc- 
nim as in Myrmeleon, but the coxae are longer and slenderer. 

Mantispa. The pleurftes are very small; the episterniim is very 
small, irregularly oblong ; the epimerum is subdivided, small, narrow, 
but a little more regular and larger than the cpisternum. Ooxm very 
large and long; the trochantine submembranous. 

Mesopleurum {Ascalaphusf). 

Myrmeleon. (PI. LIV, fig. 8.) Tlie flaaks are very broad and short, 
as a whole. The suprasternite present, very short and broad, equilat- 
erally triangular in oi^tline. * The episteriium is remarkably short and 
broad, triangular, being two-thirds shorter than in Polystccchotes. The 
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coxa is large, much broader than long, subrhomboidsil. The mesoatig- 
mata or their peritremes are situated each on the front and upper angle 
of the supra-sternite directly in front of the fore wings. 

Folystwchotes, (PI. LVI, figs. 8-15). Tbe plcurites are not so broad 
and short as in Myrmeleon. The supra-sternite is considerably longer 
than broad, the apex toward the wings being conical. The episternum 
is vertically oblong, quite regular, being considerably longer than broad. 
The epimerum is moderately broad, square below. The coxa is moder- 
ately long, longer than broad; the trochantine regularly conical. 

Mantispa. (PI. LV, fig. 8.) The tlanks of the meso- and metathorax 
are of the same size and general appearance. The episternum and epi- 
merum are each subdivided more or less regularly into two sclcrites. 
The epimerum as a whole is not so wido as the episternum. The coxa 
is large, full, conical; the trochantine is minute, short, triangular. 

MetapleuriKn {Ascalaphus^). 

Myrmeleon, (PI. LIV, fig. 9.) Although the meta- are not much 
shorter than the mesopleurites, the episternum (which is subdivided into 
an upper and lower sclerite) is smaller but nearly of the same shape as 
in the mesopleurites, but the coxae are larger and broader in proportion. 
The supra-g|)imerite is very different, being as brojid as long, not 
widening above, and it is solid, with no membranous area; while the 
infra-ei)iiiierite is a linear, antero posterior ridge becoming triangular 
behin<l. The coxa is considerably larger than in the mesothorax. The 
trochantine is one-half smaller than that of the mesothorax. 

Folystccchotcs. (PL LVI, fig. 15.) The meta- arc about one-third shorter 
than the mesopleuritCvS. The episternum is as in the mesothorax, but the 
sui)ra-sternite is fuller, more rounded next to the wings. The epimerum 
is divided intoasupra- and infra-epimerite. The coxro are more rounded 
and globose than in the mesothorax, while the trochantine is snmller and 
not so wide in lu'oportion. 

There is a great difference between the thorax of Polystoehotes and 
Myrmeleon, that of the hitter being about twice as long as in the former; 
in both, however, the mefcathorax is shorter than the mesothorax. 

Mantispa, The metapleuritcs are a little stouter and thicker than the 
mesopleurites, but have the same structure, though the coxm are consid- 
erably shorter. 

Sternum, 

Ascalaplius f 

Myrmeleon, (PI. LIV, fig. 4.) The prosternum is rudimentary and 
membranous. 

The mesostermm (PI. LIV, fig. 5) is large and well developed, sub- 
cordate, <leeply furrowed medially; about two-thirds as long as broad. 
Tliero is no suture between it itnd the infra-episternitc. 

The metastermm (PI. LIV, fig. 0) is much smaller than the mesoster- 
num, but from lack of alcoholic specimens I can nit here describe it. 

Polystcschotes, The prosternum is rudimentary and membranous. 
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Tlic mesoatermm is triaii^ular, cordate, one-half as long as wide in 
front; distinctly separated by suture from the inrra episteruite, with 
a deep median furrow. Tlic meta- as the mesosternite, but one-third as 
long. 

MatiHsjya, The prostenmui is very long and narrow, and is well de- 
velopetl. The mesosfcrnum is large, broad, about one third as long as 
broad; not distinctly separated by suture from the episternnm; in this 
respect the metasternum is the same. 


THE AUDOMEN. 

Asealaplnifi, (PI. LVII, figs. 6, 7.) The abdomen is moderately long, 
spindle-shaped, with nine nromeres. 

Mynnclcon, (PI. LVII, figs. 8-10.) Very long and slender, more as 
in Odonata than other Ncuroptera, being slender, cylindrical. Tliere 
are seven well develojied tergitcs; the 8th and 9th small, the 9th being 
as long as broad. The pleurites are broad, well developed, membranous ; 
the spiracles distinct. Of the urosternites the lirst is obsolete, followed 
by six well-developed ones; the 7th well developed, oblong. The c? 
claspers are well developed, and are much as in Odonata. 

FoJpsicechotes. (PL LVILl, ligs. 2-1.) Tlie abdomen is much shortiu* 
and thicker than yi Myrmeleon. There are ten tergitcs; the 2nd subdi- 
vided into two subtergites, appearing as if two tergites; the 8th is one- 
third as long as tlie 7th ; the 9th one-half as long as the 8th; the lOtli is 
bi’oadcr than long, the end being subconical. The pleurites are broad, 
membranous, six pairs of spiracles visible. There are seven urosternites, 
the first membranous and obsolete; the seventh longer than the sixth. 
No uropods; the cerco])oda rudimentary. 

]\fantispa. — Broad and large, nine nromeres; the first tergite very 
short; ninth uromere very short, with very short uro})oda? 

Family PANOKPID.F. Plate LX. 

THE HEAD. 

Panorpa.^^^ (PI. LX, figs. 1-3.) No true occiput. The epicranium is 
swollen on the vertex, which is as long as broad; there is a small ocellar 
area, and a small inter-antennal area. The front of the head is remark- 
ably elongated, and is formed by the great development of the clypeus. 
The labrum ? The geiue form an elongated tract, and the gula? 

The subrneiitum is a little longer than the meutum, while the lingua 
is short. ' 

The antenme are very long and many-jointed, as in moths, and the 
minute mandibles are situated at the end of the snout. 


seudiii^ the RpoiMnieuf- After ilissvctiuu, to I'rofessor Hagen, he kindly- iufunns me that it \s^ 
“porliaps i*. deWZw Westw." ' 
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THE TIIOKAX. 

T.'ie lyronotnni (PI. LX, lig. 4) is very suiall and short, witli a deep 
transverse, impressed line; on the uiediaii line it is excavated in front and 
behind. 

The mesonotxm (PI. LX, lig*. 15) is without a pra\sciituni; the scutum 
is lar^e, about two-thirds as long* as broad, and well-rounded in front. 
The scutellum is sjnall, transversely narroAv oblong*. The post-sculel- 
lum is morlerately long, interrupted by the median line. 

The metanotim (PI. LX, lig. 0) is much shorter than the mesonotum, 
but of the same general shape; the scutellum is also of the same general 
shape, but a little longer. The postscutellum is as in tlie uiesonotuin. 

Fleiirxim, « 

The pleurites in this family are very long and narrow, the thorax 
being much com])ressed, its general shape ai)proachiug that of the 
Trichoptera and Lepidoptera. 

The propleuruxn (PL LX, fig. 7) is rudimentary, the episterna ainl 
epiniera being membranous. 

The mesopleurum (PI. LX, fig. 9) has the episternum undivided, and 
is moderately full in front. The epirnerum is entire, narrow, a little 
shorter than the episternum, and not so broad. The coxa is rather 
slender; the trochantine long and narrow. 

The metapleurum (PI. LX, fig. 8) is as the mesopleurum, but the 
episternum andepimerum are decidedly shorter, and slightly broader in 
proportion. The coxai are a little larger and thicker, while the trochan- 
tine is about the same. 

Sternum. 


The prosteiiixan is linear and rudimentary 

The mesostenium is short and broad, 
much as in Lepidoptera. 

The metaHternim is much smaller 
and less distinct than the luesoster- 
niiin. 

Finally, in the thorax as a whole, 
and in the form of the pleurites and 
sternites, we have a striking api)roxi- 
ination to the Lepidoi^tera. 


THE ABDOMEN. 

There are ten uromeres; ten terg- 
ites, the first very short and*trans- 
versely linear, the sixth to tenth iiar- 



£nd of abdomen of male Panorpa, 
^ enlarged. 


row; there are seven urites, very narrow, as lougms broad 
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The pleuritcs are membranous, broad, having the spiracles, of which 
there are eight pairs as usual, the last pair minute. 

Fig. (in text) represents the end of the abdomen of the male of 
Panorpa. 

Suborder 2. Trichoptera. Plates LIX, figs. 1-5 j LXI. 

LimnepMlus^^ (PL LIX, figs. 1-5.) The head differs from all other 
Fhyloptera in being constructed on a plan closely approaching that of 
the lepidoptera. It is short and high, and of the general proportions 
of the lepidopterous head. The vertex is as long as broad ; the orbits 
wide. The clypeus is small, narrow, and situated high up; the labriim 
(Fig. 5) is small, narrow, elongate, subtriangular. (The exact dilfer- 
ences from the Lepidopterous head are stated in the American Naturalist^ 
Nov. 1871, vol. V, p. 711.) The mandibles are not present in Liinne- 
philus, unless a slight pointed tubercle on each side of the lower part of 
the orbits (Fig. — , md f) may represent them. If so, they arc consolidated 
with the epicranium, but I am inclined to think that these do not rei)re- 
seiit the mandibles at all, tis rudimentary mandibles in the form of a 
movable tubercle are to be seen in Neuronia on each side of the base of 
the labruni.^®^ 

The maxillary palpi (Fig. 5) are long and slender, directed down- 
ward; the lobe on the side (Fig. 4, lac.) hangs down. It ma/ perhaps 
be the homologue of the lacinia. The labial palpi are three-jointed (Fig. 
5), while the inentum, palpiger, and an undivided rudimentary ligula 
are present.# 

The genm are broad on the under side, while the gular region is nar- 
row. The submentum is small and narrow ; the mentum is trape 
zoidal, broadest in front. 

THE THORAX. 

Liinnephilus. pronotum (PI. LXI, fig. 1) is much as in Lepidopt- 
era, being divided into two transversely oval, narrow bosses by a deep 
median suture. 

Mesonotum. (Fig. 2.) The patagia are thick, solid, rounded o\'al ; 
longer than broad. The prmscutum is obsolete. 

The scutum is long and broad, with a i)roniinent acute angle in the 
middle on each side. Surface with a deeply -impressed median line ex- 
tending to the scutellum, and with a parallel, lateral impressed line. 
In general form there is a close approximation to the lepidopterous 
mesoscutum. It is deeply excavated behind for the reception of the 
scutellum, which is large, a little longer than broad, and subftian gular. 
The postscutellum is either wanting or it may bo represented by a 
transverse ridge. 

^ The metanotum (Fig. 3) is much as in the lepidopterous typo. It is 

‘■"A common Hpecies, L. pu^icua Hog. ; identified by l)r. Hagen. 

**<*ln Neuronia they appear- be nearly of the eame form as represented by Suvigny in Prhyganea 
grandia (M^;moire8 sur lee Animanz sans Vert^bies. FI. I, Fig. 1.) In the pnpa the mandibles are 
much larger. 
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a little more than one-balf as long as tlie mosonotuni. The ])iwscutiim 
is well marked, small, divided by the median line into two tiansversely 
oblong pieces, the broad end next to the median line. 

The scutum is deeply cleft behind for the rece])tioii of the triangular 
scutelluui, the anterior part of the latter nearly reaching the front edge 
of the scutum. It is narrower than long, the lateral sutures obscure. 
The postscutellum is wanting. 


Pleumm. 

Fropleurim. (t’ig. 4.) The episternum and epimeruin are minute, 
rudimentary. 

Mesopleurum. The meso- and mctapleurites are high and short; the 
metapleurites a little shorter than the meso-; in this, respect much as 
in Lepidoptcra. The episternum is not subdivided ; it is square oblong, 
nearly three times as long (deep) as wide. The epimeruin is narrower, 
but of nearly the same shape, but excavated by the wing-membrane. 
The coxae are long, narrow, conical, as long as the episternite; the tro- 
chautiiic one-half as wide as the coxa. 

Metapleurum. (Fig. 6.) The episternum is much narrower than the 
mesepisteruum, especially towards the wings, and the epimeruin is nearly 
as wide as in the mesopleurum. The coxm are fuller and thicjker tliaii 
those of the mesothorax, while th^ trochantine is much smaller, being 
one-half as thick and shorter than in the mesothorax. 


Sternum, * 

The prosternum is short, but distinctly developed. The mesostermm 
is rather large, about two- thirds as long as broad, produced backward 
in the middle, with a subacute apex. The metasternum is obsolete, rep- 
resented by a membranous area. 

THE ABDOMEN. 

The abdomen (Fig. 7-9) is long and slender, cjdindrical, much as in the 
lower Lepidoptera. There are nine uromeres equally well developed , the 
eighth not much smaller than the preceding one; there are eight urites, 
the eighth very short. The xdeural region is membranous, broad, but 
obsolete on the first and eighth uromeres, with a spiracle in the middle 
of each of the first eight jileuritic areas. 

It will be observed that the Trichoptera occupy a much higher sys- 
tematic iiosition than any of the foregoing grouiis. This is seen in the 
loss of two terminal segments in the abdomen, in the small concentrated 
head, au(f tlie subspherical thoras; 

The Trichoptera and Paiiorpid® differ from the other ^S^europtera in 
having the trochantine well (developed and nearly as large or larger 
than the coxce; in this respect and in the form of the legs they closely 
resemble the Lepidoptera. Brauer* has called attention to the fact 
that in the Trichoptera and Panorpidie the coxfle*are divided into two 
halves. 

23 E G 



CHAPTER XII. 


NOTE O^r TEE GEOGRAPHICAL DISTRIBUTION OF THE 

ROOKY 3IOUNTAIN LOCUST, ILLUSTRATED WITH A COL- 
ORED ZOO-GEOGRAPIIICAL MAP OF NORTH AMERICA. 

Ill the first report of the Commission (Chapter YI, ]}, 136) we traced 
the geograpbical limits of the Rocky Mountain locnst, giving its east- 
ern, northern, western, and its apiiroximate southern limits; the latter 
being farther perfected and revised in Chapter YI of our second re- 
port, and in the colored map accompanying the report. On page 16S 
of onr second report we also showed that the geographical limits of the 
western cricket (species of Anabriis) ‘‘are probably nearly or cpiite co- 
extensive with those of the Rocky Monntain locnst.” 

For the conveinence of the general reader, as w ell as of naturalists, 
we haA’e, with tlie permission of Dr. F. Y. Hayden, reproduced, wnth 
certain minor corrections, a colored zod-gcograiihical map of North 
America. It was originally prepared to illustrate the distribution of 
certain fresh-w^ater Crustacea (Phyllopoils) and appears in the Ihvelfth 
Annual Report of the United States Geological Survey of the Terri- 
tories. Upon sending a proof to Mr. J. A. Allen, w ho has paid special 
jittention to the geographical distribution of the mammals and birds, 
he kindly returned it without corrections, stating that it agreed with 
his views as to the limits of the zoological regions and provinces. 
Another copy w as sent to Prof. A. E. Yerrill, w ho made some corrections 
in the eastern province aroiiml the Bay of Fundy, and a few' less im- 
X)ortant changes. Hence it is believed that the map wdll represent wnth 
tolerable accuracy the zoological distribution not only of the insects in 
general, but of nearly all the other classes of the animal kingdom, ex- 
cluding the marine forms. 

The range of the Rocky Mountain locust is co-equal with the light- 
brown area, t. c., the Central Province, except that it will probably not 
be found south of the isothermal of 72^. This i)rovince is also the home 
of the species of Anabrus or Western Crickets. These are among the 
most characteristic Orthoptenus insects to be found in this province, 
although there are many other species not to be found elsewhere. On 
the other hand, the common red-legged locust, Calo^tenus femur ’rnJjruin^ 
occurs all over the Boreal or Canadian, the Eastern, the Western 
(Pacific), as well as the Central Province, so that it rauges^over the 
whole of North America south of the limit of trees and north of Mexico 
and Lower California^ The distribution of a third species, Caloptenus 
cLtlaniSy is nearly co-extensive wdth that of G, femur -ruhrum^ although it 
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is rare in the Central Province, it having only been foniul at Eeno, on 
the Avestern edge of the Central Province, and may possibly not be found 

associated Avith 0./emMr-r«6rK>« in Utah. 

The Central Province is characterized also by peculiar species of 
Myripods, of Arachnida, of P.sciuloneuroptera, Coleoptera, Diptera, as 
well as Lepidoptera and nymeuoptera ; such as are not found in the 
Eastern Province or the Pacific Province. 




LETTERING OF THE ANATOMICAL PLATES. 


THK llEAD. 

opicraniiiin. 
dy, clypena. 
a. cly, aiite-clypoiis. 
p. cbjt poat-clj’^poua. 
lb, or Ibr, lalirum. 
lb, labium. 
g9na, f'ona. 
gula, i£ula. 
ant, aiitooua. 
e, eye. 

oc, ocelli. 
occ, occiput. 

of, occipital foramen. 

mx, lat maxilla. 
mx*, 2d maxilla. 

р, palpua. 

с, oardo of maxilla. 

vt, 8ti, or 8tip, stipea of maxilla. 
lac, laciiiia of maxilla. 

8. m., anbmontuni. 

m, inontum. 
palpr, palpiger. 
lig, ligula. 

le, lamina exterior of ligula. 
li, lamina interior of ligula. 
md, miindiblo. 

Tiik Thorax. 

PRO, protborax. 

ME SO, inesothorax. 

META, metatliorax. 

n, iiutiim of protborax. 
n', notiim of iiicBothorax. 
n", notum of inotatborax. 

p. 8C, iira^Biuitum of protborax. 

8e, Hcutiiiu of protborax. 

8cl, Hcutolluiu of protborax. 
p. 8el, post-Bciitellum of protborax. 

P.8C‘ ] 


8& 

8CV 

P’ 


i 

i. 8CV ) 


the same scleritos of mesonotum. 


Tiik Thorax— C outlnued. 
p. 80" I 

Itbo aamo BclerileM of metanotum. 

р. gel") 

St, stern iiin of protborax. 
sV, sternum of inesothorax. 

8V\ sternum of metatliorax. 
epia, e]>istornitm of jirothorax. 
epis', epistenmin of inesothorax. 
epi8", epiaternum of metatborax. 
em, epimerum of prothorax. 
cm', epimerum of mesotborax. 
em", epimerum of inetathorax. 

U, trochautine of iirothorax. 
te’, trochantine of mesotborax. 
ie", trochautine of metatliorax. 
ex, coxa of prot borax. 

ex', coxa of inesothorax. 
ex", coxa of inetat borax. 
tr, trochanter of iirotborai. 
tr*, trochanter of mesotborax. 
tr", trochanter of metatliorax. 

8.-epi8, &-C., sur-episternum. 

&.C., siir-epimei-uin. 
i-epU, &.C., infra episteiTium. 
i.-em, &.C., iiifra-cpimerum. 
pe8, log. 
j)t, patagia. 

W>, front wing. 

W*, bind wing. 

The Audomkn. 

A, alidomeii. 

с, corcojioda (c.erci). 

rh, rbabdito, or elements of the ovipositor, o 
claspor in the main. 

ur, urosteniite, or steiiium of an uromere.* 
tg, tergal sclerite or tergite. 
pen, penis. 

8t, stigma or spiracle. 

D, dorsal view. 

L, lateral view. 

V, ventral view. 


* The author has sometimes inadvertently used the term write iuste.ad of urosteniite ; LacaKo-Dutbier s 
term urite is equivalent to our uromere. 

The engraver has in some cases omitted| the accents distinguishuig the'parts similarly lettered on the 
plates, but no confusion is likely to arise, upon cifi’eful examination of the figures and comparison with 
the text. 


• ( 1 ) 



EXPLANATION OF PLA^I’ES. 


I'LATE 1. 


Fm. ]. Leticamaunipuncta : a, nialo moth ; b, ub* | 
doiiu'ii of female — natural aizo: c, eye ; 
d, antennal Joinia of male ; e, do. of fe- 
male— enlai nod. (After Riley.) | 

Fig. 2. Leucania unipuncta, n^uiitalia of nialo I 
moth: .fl, end of body, doniidod of | 
hairs, ahowiujj the upper claapa pro- 
truding. and tho natural position tif 
the liiddeii ornana by dotted line.s ; Jl, 
theornaiis oxtiudod— enhirijod. (After 
Riley.) 

Flu. 3. Leucania iniiputicta, ovipo.situr of fontalo 
moth : a, end of abdomen, denuded and 
ahowinn ovipositor atr eat ; b, same, 


with ovipositor fully extended; e, , re- 
tractile subjoints; /i, e^ne — enlarged: 
i7i eggs, natural size. (After Riley.) 
Fm. 4. Leucania unipuncta : pupa, natural size. 
(After Riley.) 

Fm. 5. Leucania unipuncta : larva, natural size. 
(After Riley.) 

Fio. 6 . Tachina jlaricauda, aomewhat enlarged. 
(After Riley.) 

Fig. 7. Exoriafa IcncanUe, somewhat enlarged. 
(After Walsh.) 

Fm. 8. Calosorna calkhim: fl, larva; b, beetle— 
nat ural size. (After Riley.) 


PLATE II. 


Fm. 1. Fasimachus elonijatunyWTiinxwX size. (Af- ‘ Fm. C. Apantelen cotifjregalus, greatly enlarged. 

ter Riloy.) (Aftiu* Wal.sli.) 

Vio.2. JTarpalimcalig in osu 9, niitwriilfii'/.c. (After Vui.l.FezomachuH minimue: eocooirs, natural 
Riley.) size. (After Walsh.) 

Fig. 3. Metajiodius /cinoratufi, natural size. (Af- Fm. 8. 2lesochorud vitreus, greatly enlarged. (Af- 
ter Glover.) ter Walsh.) 

Fm. 4. Calosorna scrutator, nuturnl size. (After Fm. 9. Fezomachus minimus: male and female. 

Riley.) greatly enlarged. (After Walsh.) 

Flu. 5. Ophion purgatus, natural aizo. (After j 
Riley.) ! 


PLATE HI. 


h'lQ. 1. Faleacrita vermita: a, full-grown larva, [ 
natural size ; h, ogg.s, loitural sizoarid 
enlarged ; c, sidn of an enlirged • 
segment of larva ; d, dorsal view of 
same. (After Riley.) 

Fig. 2. Faleacrita vemata ; «, venation of fore- i 
wing of male, uatmal .size; ft, do. of . 
hind-wing; c, joint of male antenna, ' 
enlarged. (After Riley.) 

Flo. 3. Faleacrita vernata : a, male moth, natural 
size ; ft, female do., natural size ; c, 
joints of female aiiteniiie, enlarged ; tf, 
joint of female abdomen, enlarged ; e, \ 
ovipositor, enlarged. (After Riley.) | 
Fm. 4. fomalo pupa, enlarged, j 

(After Riley.) | 

Fio. 5. Anisopteryx pometaria : a, ft, egg, side and ! 

1.op views, oiilargfjd ^ c, d, ftide and tier- * 


sal views of an enlarged stigmont of 
larva; e, i‘gg ma.ss, natural size;/, 
larva, natural size; g, femal(^ pupa, 
natural si/.o ; h, dorsal view of anal tu- 
horclo of do., enlarged. (After Riley.) 

Fm. C. Anisoptc.rgxpomelaria: a, ven.'Hioii nf fore- 
wing of male, natural size; ft, do. of 
hind-wing; c, <i, side and dorsal views 
of joints of male iiutenine, enlarged. 
(After Riloy.) 

Fm. 7. Anisopteryxpometaria: a, male moth, nat- 
ural size; ft, female do.; c, joints of 
* fe.male untonn.'e, enlarged ; {/, joints of 

female abdomen, « iilarged. (A fter Ri- 
ley.) 

Fm. 9.'x\nisopteryxpometaria: a, male pupa, en- 
larged; ft, female do. (After Riley.) 



EXPLANATION OF PLATES. 


PLATE IV. 

A. bcolthy Btalk of wheat on the left, the one on J d, the pupa or chrysalis, 
the rif;ht dwarfed and the lower leaves begin- ! e, the Hessian Fly, natural size, laying its eggs in 

niiig to wither and tuiu yellow; the stem I the creases of the l af. 

swollen at three iilaccs, near the ground, where ! /, female Hessian Fly, ranch enlarged. . 
the flaxseeds {h) are situated, between the stem g, male Hessian Fly, iniicli enlarged, 
and sheathing base of the leaf. /i, liaxseed between the leaA’es and stalk. 

tl»0 Hessian Fly (greatly enlarged, as i, i-halcid or ichneninon parasite of the Hessian 
am all the figures exci'pt e and h). Fly; male, enlarged, 

b, the larva, eiil.'irgod; the line by the side, in this Figs, b, drawn hy Mr. Eiley, d and /, byMr. 

and other figures, showing the natural length. Burgess; a, .7, and r, r, hy the aiitiior; copieil 

Cf the flaxs(‘ed, puparium or ]mpa case. on wood by L. Trou\ elot. 

PLATE V. 

Fiu. A. Side view of the female Hessian h'ly, j head from beneath, enlarged ; llc.Iai- 

gi'e.atly enlarged : a, three joints taken I val spiracle and its tiihe'rcle and tra 

from the middh^ of ilie iiiitiuinu; of the I chea leading from the sjuracdi*.. B 

female; a\ the three terminal fcnuilo j drawn by ]dr. Jiiley ; Bii, lib, lie, by 

antennal j«iin1s ; a", lie* four basal, and : Mr. Tliugess. 

a'", the two tniniiial male nnli-nnal , Fj<i C. Side, and front vii-w of tho pupa or chrys 
joints ; b, :i niMxillary ]ialpus; e, seales j alls. Drawn hy Burgess. ^I'lio ahdo- 

froin the hotly ami wings ; d, c, siduatid men of tin* sitlo view' of pupa is rather 

vertical vit w of the la.si joint of the long, as the insect, when drawn, was 

fool, showing Hie i laws, and foo<l-]»ad just omerging from the seiiii-pnjsi 

or pulvilliis between them, and tho stage, which it assumful December Ist. 

sc.iihis on the joint. Drawn hy Mr. E. Fi«. D. The flaxseed, puparium, or pup.a casr. 
Burgess. The line hy the side of the complete 

Fill. B. Larva ninguiflcd, with the hreast-houo in figures denotes the natural length ol 

tho 2d ne.vt ring to tho head : Ba, tho tho irasoct. 

hreast-hone highly magnified ; lib, 1 

PLATE VI. 


Fio. 1. (Jhalcnphora virginicalf : unf, antemift; ibr, j 
lahriiuj; md, maiidihle; mx, Isl max- ! 
ilia; inx', ‘2tl maxilla (labium); Ip, | 
labial palpus ; (this lettering tho same j 


for tho other figures 011 IMatos VI-XV ; 


l.pnl, labial palpim, onlarged; «, seta; 


ch, chitinous .support. 


Fia. 2. Dicerca divaricaUi, enlarged about twice: 

b, head and three thoracic segiiieiits, 
seen from henoath. 


Fio. 3. Unknown larva, sweet gum 1i*oo, Houston 
Texas: v, ventral view; p, prothorax ; 
m,mesothorax; uf, metaihorax. 

Fio. 5. lluprestid larva from under hemlock bark : 

a, natural size; b, head and protho- 
rax from above; c, the same, drawn 
from below. 


All tho llgurcs aud details drawn by Dr. C. F. (rissler. 


PLATE VII. 

Flu. 1. Klaphidion ptarallelum: a, from above; F^io. 3. Griocephalun agrrutia; pupa, dorsal view, 
b, from beneath ; /, ligula-like process enlarged 2 times, 

situated behind and not hot ween tho Fio. 3a. piijia, ventral view, 

labial palpi. Flo. 4. Melanophila, under hark of spruce: o «, 

Fiu. 2. Unknown loiigicoru larva under bark of under side of prothoracio disc. (See, 

pill oak, Houston, Tex.; v, iimler side. also, 1*1. XII, Fig. 1.) 

Gisslor del. 


PLATE VIII. 

Fiu. 1. Unknown longicom larva, from under larva 37"""; w idth of prothoracio seg 

bark of pitch pine, Atlanta, Ga. X2 ment length of same 4.5““; 

times: va, head and live succeeding seg- width of inesothoracic 9.5““; of Ist 

ments, from beneath ; vb, 4th abdorai- abdominal seguiont 0““. Average 

nal segment, from bonoath; vc, 7th vfridth 8.1““. 

abdominal sogincut, from ^enoath; Fig. 2. Saperda tridrntata. Length 18““; width 
lat, lateral view of head and four sue- of prothoriieic segment 5““; u, under 

oeeding segments, with prothoracio side of head and flvo succeeding seg- 

and Ist abdominal spiracle; md, two ineuV); lat, lateral views of the same; 

views of the mandibles. Length of md, ■three views of tho mandibles. 

All the figures enlarged, and drawn by C. F.Gissler, under the author's directions. 



EXPLANATION OF PLATES. 


PLATE IX. 


Fio. 1. Awmwn nueitum : v, under side of thorft* 
do segments, showing the three pairs 
of legs; with the three sncceedlng 
segments; lat, lateral view of head, 
three thoracic and 1st abdominal seg- 
ments. 

Fio. 2. Longicom larva, under bark of oak, At- 
lanta, Ga. Length 18**"; width of pro- 
thoraoic segment 6.2» : ventral view 
same as dorsal. Body narrowest in 
the middle ; prothoracio segment short 
and very broad ; the olevaied areas or 
callosities dark and prominent; an- 
tennas long, 4-Jointed ; 2d Joint much 
shorter than the Ist ; 4th Joint minato. 


r 

half as long as the 3d is thick; labnun 
rather narrow; 8 pairs of short, acute 
thoracic feet. 

Fia. 3. Longloom larva, under barkof PtntM stro- 
but, May 26. Length, 14>»; x, two 
fleshy processes, with homy tips, on 
the median area of tergnm of 9th ab- 
dominal segment. 

Ho. 4. Longloom larva, on sweet gum tree (log), 
nonston, Tex. Length, lO"" ; e, end 
of body, showing a curved spine on the 
dorsal side of the 9th abdominal seg- 
ment, and on each side of the latter a 
fleshy process with a terminal bristle. 


G. F. Gissler del. 


PLATE X. 


Fio. 1. Orthotoma brunneum: v, under side of 
three thoracic (with feet) and first 
two abdominal segments ; lat, aide of 
head and four succeeding segments, 
showing the feet; Ihr, labnim and 
clypeus with front edge of epicra- 
nium. 


Fio. 2. Longicom larva from sycamore: v, under 
side of the three thoracic and fonr 
basal abdominal segments. 

Fio. 8. Papa of a longicom beetle {Oneideretf) 
found under bark of pin oak, April. 
Length, 18*“.; width of prothorax, 
4.4*“. 


Gissler del. 


PLATE XI. 


Fio. 1. Rhagium lineatum, dorsal view: b, under 
side of head and pro- and mesothoracic 
segments ; vmt, one of the middle ven- 
tral segments, magnified six times; 
‘ ml, mala of the maxilla. 

Fio. 2. Rhagium lineatum, vertex, top of bead : ep, 
front of epicraii him ; oe,eye8; cly,cly 
peus, membraneous on the edge; eh, 
two chitinous supports of {Ibr) tlie la- 


bmm ; ml, mala or single lobe of the 
maxilla; md, mandible. 

1 . 3. Longicom larva from oak log, Provi- 
dence, May 20. v, under side of tho- 
racic segments, showing the logs ; ml, 
mala of maxilla; mx', labium; «m, 
submentum; m, mentum; lig, ligula. 

4. Saperda larva from willow. 


Gissler del. 


PLATE XII. 


Fio. 1. Mdanophila: Ibr, labrum and front of 
head, with the antennm (ant) pro- 
thoracic stigma; «, one of the abdom* 
inal stigmata. 

Fio. 2. Xylotreehut colonus : laC., side view of head 
and 6 succeeding segments. 

Fio. 2a. Xylolrechus colonut, mouth parts: letter- 
ing as in other figures. 

Flo. 3. Xylotrechvt colonut f, under bark of black 
birch, Providence, May 20. 


Fig. 4. Details of mouth-parts of Saperda larva 
from willow trunk, represented at 
Plate XI, Fig. 4. 

Fig. 6. Longicom larva found under hemlock 
bark. The Glen, N. H., July 22. 

Fio. G. Longicom larva found under bark of hem- 
lock, Bath, Me., July 30. Enlarged; 
md,o, outer; md,i, inner side of the 
mandible. 


All the figures enlarged. Gissler del. 


PLATE XIII. 


Fio. 1. Unknown larva from log of sweet gum 
tree, Tloiistun, Tex. 

Fio. 2. Pupa, h. Glen, N. II., July 22. 

Fio. 3. Xettobium affime, mouth-parts of larva. 

(See Bulletin 7, U. S Entomological 
Commission, p. 109.) 

Fjo. 4. andiqonth-parts. (See 


' Bulletin 7, U. S. Entomological Com- 

mission, pp. 177, 232.) 

Fig. 6. Pfrsodes strobi, larva (9** long) and month- 
' parte. 

Flo. 6. Pittodet tlrobi,pnji&: hd, front of head and 
beak, with antenna); ab, end of abdo- 
men, with the fleshy lateral processes. 


Gissler del. 
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EXPLANATION OP PLATES. 


PLATE XIV. 


Fio. 1. XyloUrea MvUtatua, larva. I Fia. 

Fio. Xylotsrea bivUtatus, pupa. I Fio. 

Fig. 2. XyUbona ecOatui^ larva. 

Fio. 2^. Xyleborua cceilatua, mandible. 

Flo. 3. Xyleborua ecelatua, pupa, dorsal view. 

Fig. 3*. Xyleborua ee^tua^ P^pAi end of abdomen, 
much enlarfi^d. 

Fio. 4. Orypturgua atomua, larva. 

Fig. 5. Orypturgua atomua^ larva: md, mandible; 
mo;', labium. 

Fig. 6*. Orypturgua atomua, larva : md, mandible. 

Fig. 5*. Orypturgtia atomua, maxilla. 

All the flp^roB enlarged. Qissler del. 


Fig. 

Fig. 


Fig. 


Fig. 


6*. Orypturgua atomua, pupa, end of body. 

6. Chalcid parasite of X. ccalatua or Orypt- 

urgua atomua: w, wing; ant, antenna. 

6». Chalcid parasite, larva, 2®“ in length. 

7. Unknown larva, 4®“ in length, under 

bark of pine, probably preying on 
lignivorohs scolytid larvae. Maine. 

8. Pupa of longicorn larva, under bark of 

sycaniOTo tree, Brooklyn, N. Y.: p, 
end of abdoinon seen from above. 

9. Ilylurgopa pim'/ex, pupa. 


PLATE XV. 


Fig. 1. SdandrialuTva, common on Oaryaporema, 
with details of mouth parts: leg, log; 
mz, maxilla; gal, galea (=mala ex- 
terior ) ; lae, lacinia (^mala interior). 

Other letters as heretofore. 

Fig. 2. Deltoid larva (before last molt), en Cary a 
poreina and sometimes on oak, May 
25, June 20th: n. s., larva of natural 
size, head downward; p^ third log; 
mz and mz', maxilla and labium (the 

All the flgurcs enlarged. 


Fig. 


Fig. 


Fig. 


dotted lino ends on the maxillary lobe 
or mala ) ; ap, spinneret at end of lin 
gua; p, maxillary palpus; dy, oly* 
peus ; Ibr, labrum ; I, fleshy lobe. 

3. Unknown larva, common under bark, prey- 

ing on destructive scolytid beetles. 

4. Unknown larva, yellowish, under bark ; 

8mm in length: ab, end of abdomen. 

5. Carabid larva, under bark of pine ; lengtht 

4mm^ 

Gissler del. 


PLATE XVI. 


EMBItTOLOGT OP CALOPTEKUB SPRETUS. 


Fig. 1. Dorsal view of embryo, showing the sto- 
modmum («0 and proctodmum (pr), 
with the nervous system: br, brain; 
g. op, optic ganglion; np, ganglia; the 
salivary glands (aal) and the two pairs 
of thoracic spiracles and eight pairs 
of abdominal spiracles 1-8, and indica- 
tions of the trachese (tr' tr"), perhaps 
in part the fat bodies ; am, amnion. 


Fig. 2. Nucleated cells of tbo skin of the 2d seg- 
ment: X i A. 

Fig. 3. Nucleated cells of the amnion: X i A. 

Fig. 4. I’ortion of the eye: c, cones; rod, rods; 
ret, retina. 

Fig. 5. Vertical view of the head, with the out- 
line of the brain and tbo rudiments of 
the throe ocelli. 


Author del. 


PLATE XVII. 


EMBRYOLOGY OF CALOPTENUB BPBETUB. 


Fig. 1. Embryo when first observed in the egg. 

I— TV, antennm and mouth-parts. 
V— VII, three pairs of legs. 

Fio. 1>. Tbo same, enlarged. Amnion not drawn: 
occ, occiput. 

Fio. 2. Moro advanced embryo. 

Fig. 2*. Four abdominal ganglia. 


Fig. 3. Embryo, showing the three lobes of the 
maxillm, and tbo two lobes of the labi- 
um. 

Fig. 4. Moro advanced embryo, showing th6 
stigmata, tbo fat body, and the anus. 

Fig. 5. Some of the free cells among tlie yolk cells. 


Author deL 


PLATE XVIII. 


EMIUIYOLOGT OF CALOITENUB BPlUtTUB. 


Fig. 1. Advanced embryo seen from beneath, show- 
ing the brain and submsophageal gan- 
glia and the two sncceedlng pairs 
(1-3) ; also the three lobes of the Ist 
maxillee, and tbo two lobes of Iho 2d 
maxillsD. 

Flo. 2. Embryo in act of tni-ning: ng, nnglia; 
, am, amnion. 


Fig. 3. Head from above: oe, anterior ooellns; 

ocn, ocellar nerve ; et, stomodmum. 
Fig. 4. One of the procophallo lobes, with the an- 
tenna attached ; showing the eye, the 
optic ganglion, and the antenna. 

) 


Author del. 
( 5 ) 



EXPLANATION OF PLATES. 


PLATE XIX. 


UM11RYOI.OGT OF CALOFTENUB BPURTUB. 


Fig. 1. Section (No. l)of heaflofeinbrj’o, showing; 

the brain and oyoa : /, wliito or iibrous 
matter; ga, outer layer of ganglion- 
coils enveloping the wliito or fibrous 
m.attcr. 

Fig. 2. Section (No. G) through siibocsuph.age.'il 
ganglion, tg, and stoTimch («tm); y, 
yolk. 


Fio. 3. Section (No. 8) through end of oesopha- 
gus (oc), also passing through tlie six 
stomtaeliiu etnea ( cobc ) and ganglion 
ig) and a pair of tbo logs {leg). 

Fio. 4. Section (No. 11) through the stomacli and 
emea and ganglion. 

Fio. 5. Portion of tlio serous layer ; X 
Fig. 6. Section of a traeliea. 


Author del. 


PLATE XX. 

EMBKYOLOGY OF CALOl'TEXUfl ATLANIO. 

Fio. 1. Embryo 10 days old. Section No. 3.» from | ganglion (y),tho trachea (^r),and the 

end (the sections numbered from the j legs (2). 

end of abdomen forwards), through the j Fig. IP. Seel Ion id* the main trachoia, enlarged, 
brain (hr) and optic g.angliou (op. g) ■ Fio. 3**. Seel ion ihrougb the chorion (o/i), and tlio 
and eyes. j serous niombrano («. tw), with tho nn 

Fio. 2. Amceboid colls of the protoplasmic not- ! ohais (n). 

work enclosing the yolk-balls: w, nii- ! Fig. 4. Section L’7 thiongli the bear! . 
clcns. • Fig. 5. Section 20, showing the protoplasm i<' not 

Fig. 3. Section No. 20 through 1h(' same embryo, j work in the yolk, 

passing througli the Iicart (/d), the j 

Author del. 


PLATE XXL 


EMBUYOLOGY OF CALOl»TEXUB ATLA.NI8. 


1 Pio, 


' Fio. 


. 1 


Fio. 5a. Section tUrougU the yolk; n, nuclei stain- 
ing rod witli carmine ; urn, prulopla«- 
niic thvoads arlBiug from the amnion. 

Fig. 0. Sootiou 7 through tlio same embryo as on 
PJ. XX: gl, inner or glanduhir layer 
of intestine; fl, outer or luiiscular 
(faser) layer; ut. urinary tubes; uV, 
the same seen in section. 

Fio. 7. Section No. 5, ihrongh the intestine; dof, 
dorsal oi'g.in ? ; hi, blastodoim. 

Author del. 


Fig. 


8. Section No. 4 from end of body, through 

the proetodmnm (pT). 

. 8a. j^.'iine socfioi) as K, sliowijjf: section of the 

proclodieiim, pr: jl, laser layer; pi, 
glandul.ar layt^r of the proctodmuin; 
aui; niuiiioii; hi., blastoderm; much 
eidarged. 

9. Section No. 3, passing througli the edge of 

theproctodaiiim: ch, chorion ; do, dor- 
sal organ, X 2 A. 


PLATE XXIL 


RMBBYOLOGY OF XYLKBOUU8 AND llYLUKGOl'B. 


Fio. 1. Xf/lehorus ecelatm, embryo 24 hours after 
fertilization: pb, primitive band; ser, 
serous membrane: pi, procepbalic 
lobe. 

Fio. 2. Xyleborus ccelatust a'-a’, arthromcres of 
heard and thorax; 1-8, first eight ab- 
dominal arthromeres; fA, protoplasmic 
threads connecting cells of amnion 
with the aerouB membrane. 

Fio. 3. Xyleborus cadatui, dorsal view of embryo: 
pi, procepbalic lobes. 

Fio. 4. Hylurgopg pinifex, embryo. Glsslerdcl. 

Flo. 5. XyUborvs ceelatue, embryo about fon^ 
days old, showing spirados (gp*-gp*) 
In each thoracic alLhromctre, or cloven 


I pairs of spiracles in all: tr, trachemf 

• 1-4, antcnnoc and mouth parte, 

i Fio. 6. Xyleborus ceelatus, lioad of crabiy'O, seen 
i from beneath. 

Fio. 7. Jlylurgopa pini/ex, advanced embryo. 
Gissler del. 

Fio. 8. Hylurgops pinifex, larva 1.5®“ long: sV, 
prothoracio stigma; at, stomach; i, 

^ Intestine ; r, rectum. 

Fio. 9. Jlylurgopa pini/ex.’ a, throe larvas immedi- 
ately alter hatching; b, one, enlarged. 

^ Gisslor del. 

Fig. 10. Jlylurgopa pinifex, end of body of larva 
1.5®® in length: a, anus; aa, anal 
sucker. Gissler del. 


Ftjgdl-3, 5 drawn by the author. 



fiXPLANATIuN OF PLATES. 


PLATE XXIII. 


Fio. 1. ForJUuta tesnicUa Dohrn, he.nd, upper side. 

Fin. S. Forficula tceniata Dohni, head, under side, 
lac, lacinia; Ic, lamina exterior of 
ligula. 

Fio. 3. Forficula tceniata Dohi-n, head, side view. 

Fio. 4. Forfijcula tceniata Dohrn, mandible. 

Fio. 5. Forficula tceniata Dohrn, maxilla. 

Fio. 6. Forficula ioeniata Dohrii, 2d maxilla (la- 
bium): 2, ligula; le, lamina exterior; 
p, palpuH. 

All tmlarged. 


Fio. 7. Forficula tceniata Dohm, pronotnm, dorsal 
view. 

Fio. 8 . Forficula tceniata Dohm, meso- and raeta- 
•uotum. 

Fio. 0. Forficula ttmiata Dohm, pro-, meso-, and 
meta- thorax, sternal view. 

Figs. 10-12. Forficula larva, ])ro-, meso-, and meta- 
notnm: not, notum; prm-sternum; 
sternum. 


Drawn by C. F. GiH.Hler, under .author's direction. 


PLATE XXIV. 


Pio. 1. ForylcuZo, American species. Proploiirum : 
• not, notum. 

Fio. 2. Forficula^ American species. ^Mesoplou- 
rnni : not, notum. 

Fio. 3, Forficula, American species. Mctapleii- 
riim : not, notum. 

Fio. 4. Forjfcuia, American species. Prosteraum. 

Fio. r». Forficula, American species. Mesoster- 
niim. 


Fio. 6 . Forficula, American species. Alutaster- 
niim. 

Fio. 7. Forficula, Amerienn species. Ahdomon, 
lateral view : c, corcopodii. 

Fio. 8. Forficula, American species. Abdomen, 
dorsal view : c, cercopodiu 

Fio. 0 . Forficula, Americiiii species. Abdomen, 
ventral view; c, cercopodo. 


All the (Igiires onlarge.d. Gisalor del., nnjler the author’s directions. 

(Pis. XXV-XXXrr drawn by J. S. Kingsley.) 

PLATE XXV. 

Fioh. 1-14. Heads (front view) of typical OrtUoptcra. 

PLATE XXVI. 

Figs. 1-13. Tleuds (lop view) of typical OrtlioptoRi. j PiGs. 14-27. llcads (sidc view) of typical Ortho 

! ptora. 

PLATE XXVir. 

FlC.S. 1-14. T-alihim of typical Ornin]>tora. 

PLAICE XXVlll. 

Fioft. 1-12. Maxilh-i (left) of typical Ortliopt era. j Figs. 13-20. Prothorax (tergal vlow) of typical 

Ovthoptera. 


PLATE XXIX. 


Fios. 1-13. Prolhorax (lateral view) of typical j Flos. 14-16. Protlioiux (tergal view) of ivi»ioa] 
Orthuptcra. I Oithopei-a. 

PLA'l’E XXX. 

Figs. 1-13. Moso- and metathorax (tergal view) of typical Oitiioi)tera. 

PLA'IE XXXI. 

Figs. 1-13. Moso- and motaplonra of typical Ortho- i Figs. 13-21. Prusternnm of typical Orthoptcrii. 
ptora. I 

PLATE XXXII. 

B'IGS. 1-13. Meso- and met^isteniuiu of typical Oi thoptera. 

PLATE XXXI IT. 

Flos. 1-3. Jirantis Carolina. Prothorax, q , Fio. 7. P/’wo^;M<?(Ih azil). idcso-and mctaplouram. 


Flos. 4, 5. Mantle Carolina. Meso- and motanotiim. 
Flo. 6. Prieopue (Brazil). Proplonruni. 


Flo. 8. (Brazil). Prostomiim. 

Fio. 0. Pmopna (Bra/il). Moso-aiid metastomum. 


Gissh'T del. 



EXPLANATION OF PLATES. 


PLATE XXXIV. 

Fiofl. 1-8, 10, 11. Abdomen (tergal view) of typical i Fia. 9. Abdomen (tergplyiew) of male DiapHtrth 

female Ortboptera. mera. 

% ‘ 

PLATE XXXV. 

Flos. 1-9. Abdomen (end, tergal view) of typical | Fiob. 10-lG. Abdomen (end, tergal view) of typical 
female Ortboptera. I male Ortboptera. 

PLATE XXXVI. 

Fiob. 1-9. Abdomen, aide view, of typical female Ortboptera. 

PLATE XXXVII. 

Fiob. 1-0. End of abdomen, aide view, of typical Ortboptera. 

PLATE XXXVIII. 

Figs. 7-16. End of abdomen, aide view, of typical female Ortboptera. 

(PLitca XXXIV-XXXVm drawn by J. S. Kingaley.) 

PLATE XXXIX. 

Flo. 1. Termopitia angustieoUis, head, from be* Fio. 5. Termes Jlavipes, head, from aide. 

neatbtx, hypopharyugeal chitinoua Fio. 6. ap., bead, from above: v, v*ahaped 

aiipport. (Giaaler). auture. 

Fio. 2. TermopHa anguaticoUia, bead, from above. Fio. 7. Paoeua ap., head, from aide. 

Fio. 8. Tertnojtaia anguatieollia, bead, from aide; Fio. 8. I*teronarega eal\fomiea^ head, drawn from 

the clypeua ia ahadcd. the aide. 

Fio. 4. Tennea fiavipea, head, from above: v, epi- 
cranial v-ahaped aaturo. 

Figs. 1-5 drawn by G. F. Oiaaler; 6, 7, 8, by William W. Griffin : all magnified. 

PLATE XL. 

Fig. 1. Pteron or cyr caZ\/omtca, head, nppor view. Fio. 6. Pferonarq/a cali/orniea, 2d maxilla (la- 
Fig. 2. Pteronarcya califomica, bead, under view. bium). 

Fiq.B. Termopaia anguaticoUia^ lat maxilla :*c, ¥iq. 7. Pteronarcya eal^omioa, mandihlo. 

cardo. Flo. 8. Termopaia anguaticollia, labmm and part of 

Fig. 4. Termea Jlavipea, lat maxilla. clypeua. 

Fig. 6 . PUronarcya eali/ornica, 1st maxilla. Fig. 0. Termea Jlavipea^ labrum. 

Figs. 1, 2, 5-7 drawn by William W. Griffin; 3, 4, 8, 0,by Giaaler: all magnified. 

PLATE XLI. 

Fio. 1. Termea Jlavipea^ head seen from beneath: Fio. 0. Termopaia aThguatUttMia^ mandible, from 
fmc, maxilla ; pafpr, palpiger ; lit within. 

lamina interior; le, lamina exterior; Fio. 7. Termopaia ajiguaHeoUia, mandible, ftom 
Pt labial palpus. without. 

Fio. 2. Termea Jlavipea, 2d maxilla (labium), seen Fio. 8. Termopaia anguatieolliat mandible, from 
from beneath. without. 

Fio. 3. Termopaia anguaUc/dUia, 2d maxilla (la- Fio. 9. Termopaia anguaticoUia, mandible, from 
bium). within. 

Fio. 4. Termea Jlavipea, mandible, external view. Fio. 10. Terrnopaia anguaticoUia, part seen beneath 
Fio. 6 . Termea Jlavipea, mandible, internal view. the labial polpL 

All enlarged. Gissler del. 

PLATE XLII. 

Fio. 1. Termea Jlavipea. Pronotum. Fir. 9. Termea Jlavipea. Metathorax, stei-nik 

Fio. 2. Termea Jlavipea. Mosonotum. view. 

Fio. 3. Termea Jlavipea. Metanotiim. Fio. 10. Termea Jlavipea. Abdomen, tergal view : 

Fio. 4. Termea /lartpM. Pi-opleurum. 1-10, the ten tergites; e, cercopoda. 

Tiq. b. Termea Jlavipea. Mesopleumm. Fio. 11. Termea /lavtpea. Abdomen, ventral view. 

Fio. 0. Termea Jlavipea. Metapleurum. Fio. 12. Termea Jlavipea. Abdomen, lateral view, 

Fio. 7. Termea Jlavipea, Prothorax, sternal vie^. showing the 10 tergites and 9 urites. 

Fio. 8. Termea Jlavipea. Mesothora, sternal tiew. 

• All magnified. Giaaler del., under autbor^s direction. 

( 8 ) 



EXPLANATION OF PLATi:S. 


Fig. 1. 
Fig. 2. 


Fig. 3. 

Fig. 4. 
Fig. 5. 
Fig. G. 
Fig. 1. 

Fig. 8. 


PLATE XLIII. 


Termopsis angiWj^S^, pronotiim. 
Termopsis anguawollis, moBonotam: 
iBt pair of win^B. 

Termopida anguslicollis, motanotum: v*, 
2d pair of 

TermopnU angitgHeollis, proplouram. 
Termoptia anguatieoUia, meBoploiirum. 
Termopsia anguaticoUia, metaploumm. 
Termopaia anguaticollis^ protborax, stor- 
nal view : pat, prnBtomum ; not, notmn. 
Termopaia anguaticoUia, moHothoraz, stor- 


Fig. D. 


Fig. 10. 


Fig. 11. 


Fig. 12. 


Fio. 13. 


Fig. 14. 


Termopaia anguaticoUia, motathoraz, s^r- 
iial view, 

Vaocua novce-ecotioe, meao- and metatho* 
rax (Tint.uni), dorsal view: to*, to*, winga. 

Paocua novcB-aeotia, motaTiotnm, seen 
more from behind. 

Paocua nov€B-8cotice, meso- and meta* 
pleura. 

Paocua novar-acutioe, inosothoraz, seen 
from in front. 

Paocua noDcc-acotice, inososcutelluiii. 


N0Tit.-Plate8 XXXVJI and XXXVIII have been combined 
apply to Plate XXXVII, and there is no Plato XXXVIII. 


SO that the explanations 


' "Fig. 3. I'teronareya caiyu-nncu), 

Fig. 4. Pieronarcya californica, prostemiim 
Fig. 5. Pteronareya californica, meaoatcniujn. 
Fig. 8 . Pteronareya californica, mctastemuni. 


view: rh, rhabdites. 

Fig. 9. Pteronarcya californica, abdomen, lateral 
view: hr, branebiiBOTgillB;j> 2 ), 8 piraclo 4 , 


WilUam W. Gnfiin del., under author’s direction. All nnagnidod. 


PLATE XLV. 


Fig. 1, Ephemera (LeptophUhia) cupida 9 Head 
and thorax, dorsal view ; pro-n, prono- 
tum; w*, w*. Ist and 2d pair of wings; 
1, first abdominal segment. 

Fig. 2. Ephemera {Leptophlebia) cupida 9 Head 
seen from beneath : lb, labium ; Ip, la- 
bial palpi; mx, maxilla; at, prostor- 
nnm. 

Fig.. 3. Ephemera {Leptophlehia) cupida 9 Hoad 
Been from above. 

Fio. 4. Ephemera {Leptophlebia) cupida 9 Head 
and protborax, seen laterally. 

Figs. 1-5 drawn by Dr. C. 

PLATE 


Fig. 5. Ephemera {Leptophlehia) cupida 9 Meao< 
and meta-stemum : ap, spiracle. 

Fig. G. Ephemera sp., larva, head seen from in 
front: md, maudiblos. 

Fig. 7. Ephemera sp., larva, head soon horn the 
side, the occipital region not drawn. 

Fig. 8. Ephemera, pupa, head Boon from in front. 

Fig. 9. Ephemera, imago, head seen from above. 

Fig. 10. Ephemera, imago, liead seen from above, 
different view, more in front. 


'. Gisslor; G-10, author del. 

XLVI. 


Em, Ephemera {Leptophlebia) cupida 9 Male, 
mnch enlarged to show the Btracturo 
of the notiiin and abdomen: c, corco- 
poda; rh, outer 3-jointod chaspers or 
rbabdites; rh*, inner p.air of 3-jointed 
rhabdites. 

Eiq. 2. Ephemera {Leptophlebia) cupida 9 Side 
view of thorax : the lettering as in other 
plates. 


Fig. 3. Ephemera {Leptophlebia) cupula 9 Side 
view of propleiirum, with side view 
of notum. 

Fig. 4. Ephemera {Leptophlebia) cupida 9 Abdo- 
men, ventral view, showing tho 9 nro- 
steniitcB. 

Fio. 5. Ephemera {Leptophlebia) cupida9 Abdo- 
men, Latoral view. 


All the figures enlarged. Gisslor del. 


PLATE XLVII. 


Fig. 1, head, front viow: c2.ptP06^, 

cl, a, anto-clypens. 

Fig. 2. jEachna heroa, head, lateral view. 

Fig. 3. JSachna heroa, head, under view. 

Fig. 4. Agrion verticale 9, head, vertioal vie w. 
Fig. 5. Agrion verticale 9, head, under view. 

Fig. 6 . Agrion verticale9, hoarl, lateral view. 

Fio. 7. ^aehna heroa, labium: 1, 2, Ist and 2d 
Joint of labial palpus; le, lamina ex. 
torior of ligula; li, lamina interior. 

All the parts enlarged; drawn by Will 


Fio. 8. JEachna heroa, maxilla. 

Fig. 9. Eachna heroa, mandible. 

Fig. 10. Agrion verticale 9, pronotnm. 

Fig. 11. Agrion verlicalef, dorsal portion of meso* 
and inctathorax, showing the great 
development! of Uio epistema {epial) 
and epiineia {eni'). 

Fig. ^2. Caloptfry£ rnaeulata, pronotnm. 

Fio. 13. Calopteryx maculaia, same os in Fig. IL 

m 'Vy. Grillin, under author’s direction. 


CO) 



EXPLANATION OP PLATES. 


PLATE XLVIll. 


Fio. 1. ^gchna heros, meBO-aiulmotapleuTom, and 
two abdominal arthromoreH. 

Fig. 2. ^tchna heroa, pronotum. 

Fig. 3. JEachna heroa, mesonotnm. 

Fig. 4. ^achna heroa, motanotiim. 

Fig. 5. (7cdc!pter^a;macutoto,ine80-andmotaiiotum. 

Figs. 1, 5, and 6 drawn by C. F. Gisslor; figs. 3, 4, and 7, by William W. Gi-ifiiu, undor author’s diroc 

tion. Objects all enlarged. 


Fig. G. Calopteryx maeuiata^ plenrum of entire tho> 
rax. 

Fig. 7. Agnon verticaUf^pTopleuTum. 

Fig. 8. plenrum of entire thorax, 

lettering as in Fig. 6: 1, 2, uromeres. 


PLATE XLIX. 


Fig. 1. ^achna heroa, abdomen, dorsal view, show- 
ing the 11 turgites; c, cercoxioda. 

( 1 - 11 ). 

Fig. 2. JEachrM heroa^ abdomen, lateral view. 

William W. Griffin del. 


Fig. 3. ^aehna heroa, abdomen, ventral view, tho 
11th tergite (11) seen from beneath; 
t, testes ; ur, urostui-uitos. 


PLATE L. 


Fig. 1. ^achna heroa, end of female abdomen, 
showing tho ovipositor; ur, uroster- 
nito ; or, outer ; 9ar, middle ; tr, inner 
rhabdites or olenienla of tho oviposi- 
tor; 11, 11th tcrgito; c, cercopoda; 1 
and 2, uroiiioros, showing tho external 
genital armature, the tergites widely 
separated. 

Fig. 2. JEaclvna heroa, male: pen, penis; tg, ter- 
gito; cl, clasper (basirhabdite); ur, 
urosternilo of 2d uromere. 

William W. Griffin del. 


Fio. 3. JSaehrui heroa, tho same, with the tor- 
gites closed. 

Fig. 4. Agrion verticale ?, abdomen of male, siih> 
view: pen, i>enis; c, corcopoda. 

Fig. 5. Agrion verticale f, abdomen of male, ven- 
tral view ; ur, urostemito. 

Fig. 0. Agrion verticale?, abdomen of male, end; 
11, 11th tergito. 


All the parts enlarged. 


PLATE LI. 


Fig. 1. Myrmeleon diveraum, head from above. 
I'lG. 2. Myrmeleon diveraum, liead from beneath. 
of, occipital foramen. 

Fig. 3. Aaealaphua longicomiaf, hoatl from above; 

and beneath ; epic, epicranlum. 

Fig. 4. Aaealaphtu, head from beneath. 

Fig. 5. Itaphidia oblita, head from above. 

William W. Griffin dol. 


Fig. 6 . Itaphidia ohlita, head from beneath. 

Fig. 7. Itaphidia oUila, head from side; oc, oc- 
ciput. 

Fio. 8. Polyatoechoteanebuloaua, head fvomahovG. 
Fig. 0 . Polyatcechotea nebuloaua, head from be- 
neath. 

Fig. 10. Polyatcechotea nebuloaua, head from side. 
All the figures drawn enlarged. 


PLATE LII. 


Fig. 1. Oorydalua eomutua, head seen from beneath. 
Fio. 2. Oorydalua cornutua, head soon from above: 

a. dy, ante-clypeus; p. ely, post-cly- 
pens. 


Fig. 3. Oorydalua eomutua, head seen sidewise. 
Fig. 4. Mantiapa brunnea, head seen sidewise. 
Fig. 5. Manti^a brunnea, head seen from above. 
Fig. 6 . Mantiapa brunnea, head seen from beneath. 


All enlarged. Gissler del., under author’s direction. 


PLATE LIII. 


Fio. 1. Mantiapa brunnea, Ist maxilla: e, cardo; 

at, stipes ; I, lacinla ; g, gala ; p, palpus. 

Fi£'2. Aaealaphua longicomi^. Is^ maxilla. • 

Fio.. 3. Myrmeleon diveraum, Cst maxilla. 

Fig. 4. Oorydalua eomutua, 1st maxilla. 

Fio. 5. Mantiapa brunnea, 2d maxilla (labium). 

All enlarged. William W. Griffin del., under author’s direction. 
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Fig. ti. Aaealaphua longicomiat, 2d maxUla (la- 
bium). 

Fig. 7. Baphidia ohlita, 2d maxilla (labium). 

Fig. 8. Myrmeleon diveraum, 2d maxilla (labium). 
Fig. 9. Oorydalua eomutua, 2d maxilla (labium). 



EXPLANATION OF PLATES. 


^ PLATE LIV. 

Fig. 1. Myrmeleon divertwn, pronotum. 

Fig. 2. Myrmeleon divereum^ nicsonotuni. 

Fig. 3. Myrmeleon divereum^ metanotum. 

Fig. 4. Myrmdeon divereum, prosternum. 

Fig. 6 . Myrmeleon diversum, mesoBternum. 

Fig. 6. Myrmeleon diversum, inotaBternum. 

Fig. 7. Myrmeleon diversum, proplouruin. 

Fig. 8. Myrmeleon diversum, mosopleuruia. 

I^G. 9. Myrmeleon diversum, mctupleuruin. 

All magnified. William W. Grifiin del., under author’s direction. 

PLATE LV. 

Fig. 1. Mantispa brunnea, pronotum. Fig. 6 . Mantispa brunnea, meiastoniuni. 

Fig. 2. Mantispa brunnea, meHouotum. Fig. 7. Mantispa brunnea, proplcurum. 

Fig. 3. Manilla brunnea, metanotum. Fio. 8. Mantispa brunnea, meBO])lourniii. 

Fig. 4. Mantispa brunnea, prosternum. Fio. 9. Itantispa brunnea, metaplournni. 

Fig. 5. Mantispa brunnea, mesosternum. 

All enlarged. William W. Grifiin del. 

« 

PLATE LVI. 

Fig. 1. Asmlaphiislongieornis9,pvonotam. Fio. 10. Polystoeehotesndmlosus,m&tiiinot\im\ w» 

Fig. 2. Asealaphusloinjgicornis?,mmonot\\m. 2d wings. 

Fig. 3. Asealaphuslongieornis9,\\\<!^ta\\i\{\\m. Flu. 11. Volystachotes nebuUsus, moeoHiormna. 

Fio. 4. Asedlaphus lonfficomist, niosapliMirum. Fio. 12. Polystoicliotes nebulosus, 

Fig. 5. Asealaphus longicomi8f,miiiii\^]onv}im. Fig. 13. pronotum, seen 

Fio. 6 . Asealaphus longieomis9,nu'i»oaU'rmim. latiorally. 

Fig. 7. Asealaphuslongieomis 9, mota»toruum. Flo. 14. uebuioatM, mesopleuruiii. 

Fig. 8. Polysteechotes nebulosus, pronotum. Fio. 15. Polystaechotes nebulosus, motaplcumm. 

Fig. 0. Polysteechotes nebulosus, muaonotuin: w\ 

1st wings. 

All enlarged. William W. Grifiin del., under author’s direction. 

PLATE LVII. 

Fig. 1. Pteronarci/« caZ^omtea, pronotum. Fio. 6 . Ascal(iphuslongu:omisf,SLh(lom(in. 

Fig. 2. Pteronarcys calif omiea, mo.»oiiotma. Fio. 7. Ascalaphus longicomis 9, vhilomon. 

Fio. 3. Pteronarcya cali/orniea, raetanotUTn. Fio. 8. Myrmeleon diversum-, ahdomon of male. 

Fig. 4. Oorydalua cornu tus, end of ahdomon of dorsal view. 

male, under side. Fio. 0. Myrmeleon diveraum, nhdomon of male. 

Fig. 5. Oorydalua comutus, end of abdomen of lateral view. 

male, side view: e, cercopodai rh, Fio. 10. Myrmeleon diversum, abdomen of mule, 
rhabdito. ventral view. 

All enlarged. William Griffin del. 

PLATE LVIII. 

Fiu.l. Oorydalua comutus, abdonifm, doT»al view I Flo. 4. Polysteechotes nebulosus, abdomen, lateral 
c, cercox>oda. view : c, corcopoda. 

Fig. 2. Polysteechotes nebulosus, abdomen, dorsal Fio. 5. Paphidia oblita, abdomen, dorsal view. 

view : c, cercopoda. FiG. 6. Raphidia oblita, abdomen, lateral view. 

Fio. 3. Polysteechotes nebulosus, abdomen, ventral Fio. 7. Paphidia oblita, abdomen, ventral view, 

view : c, cercopoda. 

All enlarged. William W. Griffin del., under author’s direction. 

PLATE LIX. 

Fig. 1. LimnephiluM pudicus, head, seen fron} Fio. 0. Panorpa debilis9, month-parts, showing 
above : p, labial palpus. labrum beneath. 

Fig. 2. LimnephUus pudicus, head, soon from be- Fio. 7. Panorpa debilis9, 2d maxilla (labium): 

neath. • paZp^^, palpiger; p, labial palpus. 

Fig. 3. lAmnephilus pudicus, head, seen from the Fig. 8. Panorpa cfr&^Z^«^lab^lm. 

side. Fig. 9. PomoTpa cZebiZia/, mandible. ^ 

Fig. 4. lAmnephUuapudieusimx, 1st max\\\B,,lae, Fio. 10. Panorpa ^ebilis9, maxillw and one paL 

laclniaf pus. 

Fig. 6 . Limnephilua pudieus, labrum. 

All magnified. Gissler del., under author’s direction. 
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Fio. 10. Raphidia oblita, pronotum. 
Fio. 11. Raphidia oblita, mesonotnra. 
Fig. 12. Raphidia oblita, metauotura. 
Fig. 13. Raphidia oblita, proplcurum. 
Fig. 14. Raphidia oblita, mesopleiirum. 
Fig. 15. Raphidia oblita, motaplournm. 
Fig. 16. Raphidia oblita, prosternum. 
Fig. 17. Raphidia oblita, mesosteruum. 
Fig. 18. Raphidia oblita, nictastemum. 



EXPLANATION OF PLATES. 


PLATE LX. 

Fig. 1. PanorpadebiKaf, head, view from above. Fig. 8. Panof^a de&iZi»f,mesoplearam. 

Fig. 2. Pamrpa debilis f , head, view from beneath. Fio. 0. Panorpa detrilU /, metapleiiram. 

Fig. 3. Panorpa debUist, head, view from side. Fig. 10. Panorpa debUist, end of abdomen from 

Fig. 4. Panorpa (2ebi2t« f, pronotum. the eide ; female, somewhat com* 

Fig. 6. Panorpa debUio f, mesonotam. pressed. 

Fig. 6. Panorpa debilit t, metanotum. Fio. 11. Panorpa ddrilis f , end of abdomen frt>m 

Fio. 7. Panorpa debiliot, proplonnim. above: e, Jointed cercopoda. 

All enlarged. Figs. 1-9 drawn by William W. Griffin ; 10 and 11, by C. F. Qisslor. 

PLATE LXI. 

Fio. 1. Idfnnephilui pudicus^ pTonotam. Fio. 7. IdmnophiXut pudiout, ahdomea. 

Flo. 2. JAmnophUus pudicus, mesonotam. Fig. 8. JOimnophilus pudieiu, abdomen, end ; dorsal 

Fig. 3. Xtmn^hiiuapudtotw, metanotum. view. 

Fig. 4. XtmnephtliM jmdicua, proplouram. Fio.O. Limnephilnt pudicus, abdomen, end ; ven* 

Fig. fi. Limnophilut pudicus, mosopleuram. tral view. 

Fig. 6. Limnephtlut pudicus, metaplonnun. 

All enlarged. Gissler del., under author's direction. 

PLATE LXII. 

Fig. 1. Wing of pupa of Jilatta : c, costal ; ac, sub- 
oostal; tn, median; cm, submedian; 
int, internal view. 

Fig. 2. Termet fiavipeo: A, young pupa; a, 1st 
wing ; B, advanced pupa; b, wings ; n, 
veins. 

All enlarged. 0. F. Gissler del. 

.yote.— Plates LXII and LXni illustrate pp. 268-271, on the development of the wings j the refe- 
enoes in the text are imperfect. 

PLATE LXIIL 

Fig. 1. Aphr^^hora permutata, pupa; ventral wing: cc, scutollnm: 1 ab, let abdomi- 

view. nal segment. 

Fig. 2. Aphrophorapermutafa, pupa; dorsal view. Fig. 4. Thorax of JStchna Acroc : 1-5, the five 

Fig. 3. Aphrophora permutata, pupa, rudimentary main veins of the wing. 

All enlarged. C. F. Gissler del. 

PLATE LXIV. 

Fig. 1. Oorydalus eomutus, propleurum. Fig. 6. Corydalns comutus, mosostemnm. 

Fig. 2. Oorydalus comutus, raesoplourum. Fio. 6, Oorydalus comutus, metastemnm. 

Fig. 3. Oorydalus comutus, metapleurum. Fig. 7. Oorydalus comutus, mosonotam. 

Fig. 4. Oorydalus comutus, prostemum. Fio. 8. Oorydalus comutus, metanotum. 


Fig. 3. Wings of Temies flavipes, just bofore 
imago state. 

Fig. 4. Adult Termes, enlarged. 

Fig. 5. Wings of pupal Pcoeuc. 
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Plate IV. 
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Plate Xm. 
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APPENDICES 


APPETITAIX I. 

EARLY REFERENCES TO TUE OCCURRENCE OF THE HES- 
SIAN FLY IN NORTH AMEI|ICA. 

Hoping to find some reference to the occurrence of the ITessisin Fly in 
North America, we looked over the following files of newsi)apers in the 
Congressional Library, probably the richest collection of Colonial news- 
papers in the country. No reference to this insect occurred in the files 
of the Pennsylvania Mercury, Ai)ril 7 to December 22, 1775; April 
1, 1785, to December 29, 178G; nor in the Philadelphia Packet, October 
25, 1773, to January 8, 1776, all that were in the library, the series be- 
ing quite incomplete. We found the following note in the Pennsyl- 
vania Mercury and Universjil Advertiser, April 1,1785, which shows that 
the ravages of the Hessian Fl 3 '^ on Long Island and in West Chester 
in 1784 were well known. From the context we have good reason 
to infer that the insect referred to was Cecidoniyia destnictor. 

It is said in the iicwHi)apers insects destroyed Lamiuas ^vhoat last year on Long 
Island and West Chester, hut did not touch the hoardotl wheat of those phiees. The 
farmers, there, inii)nted the safety of the bearded to its straw being imurh harder and 
stronger than the Lammas or ])lain wheat. They say, too, Hour from that hoarded 
'Wheat is eciual to any other among them. A fanner of Maryland asks the aid of tlio 
lovers of agriculture for his obtaiiiTiig a handful of it ; lobe committed to the ch.argo 
of Mr. George Miihiu, in Front street, near the coilce-house, Philadelphia; and will bo 
glad to gratify them in return. (Signed, X.) 

Wo also append two articles from the Pennsylvania Packet, written 
in 1788 : 

[extract of a I.KTTER from falls township, nUCKS COUNTY, MAY 20, PUBLISHED 
IN THE PENNSYLVANIA PACKET AND DAILY ADVERTISER, MAY 29, 1788.] 

The little thing called the Hessian Fly, or insect, I have heard lirst hcgaii to make 
its ai>pcarance on Long Island, and cut off most of the wheat there for scvci’al years 
past, and hast season did consideruble damage to the wheat in many parts of Fast 
Jersey, and near Cresswicks cut oft’ inaiiy lields, and even ai>pearcd on the banks of 
Delaware Kiver. Near seed time last year, many jier^ns on the Peiiiisylvaiii.a shore 
saAv the same insect so thick in the air, that they appeared like a cloud coining over 
Delaware River; and on exaiiiiniug some of the largest Hies they had many of their 
young brood clinging to them, some of which could Hy, others not. They have so in- 
fested the wheat fields from the Falls Township to Wakefield, and many are of opin- 
ion much further, that some iiersoiis discovering their numbers have i)astuied their 
green wheat, ploughed and planted their fields 'with spring produce, and more are 
following their example. 

The 17th inst. I went into a wheat field to examiiio for the insect; some other 
licrsoiis came on the like occasion, and on drawing up cither green, dry, or dead spires 
of wheat, wo saw them plenty in each in a white eolonnrd nit, seed, or worm, and 
where rye grew' amongst the wh^t it was also full of the insect; and since that time 
the owner of the wheat field has turned in his horses to pasture, and intends to plant 
it with corn shortly. I am credibly informed, that it is the ox)inion of many in Amwell 
and Hopewell, New^ Jersey, that they do not expect to save so much as their seed ; many 
of thorn have ploughed all up and planted with corn. It would be well for all con- 

• [ 3 ] 
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cerned to examine their wheat fields in time, as delays may prove dangerous; and if 
they discover their fields infested with the insect, it may not be too late to follow the 
above example. 

The insect in the spring resembles a small flaxseed, rather of a rounder shape, hut 
now mostly appears of a white colour, and rather longer than when in their brown 
colour. They lay mostly and jnay be found between the first, second and third blades 
near the root, above the ground, sometimes in the middle of the spire near the root. 

To THE Printers of the Pennsylvania Packet. 

As the destruction of the wheat by the Hessian Fly, as it is called, in some of the 
neighbouring governments for some years past and their penetr<ating so far into this 
State, i>revious to the last harvest, are alarming circii instances, and especially to the 
farmers, your publishing the following remarks on that interesting subject, we flatter 
ourselves', will be agreeable to many of your readers and probably convey some use- 
ful information to some of them, which may conduce towards alleviating or lessening 
so groat a calamity ; if it should in some measure serve this good purpose, the end we 
have in view will be answered. 

JAMES VAUX. 

JOHN JACOB. 

. Providence, Montgomery Co., Pa., 

Eighth Mo., mh. 1788. 

On the 7th of the present month we left home on a tour to Jersey and Long Island, 
in Now York government, to inquire into the effects of that destructive insect, and 
what remedy had been found to prevent their baneful consequences in these x)arts ; 
likewise to make inquiry of some of the most sagacious and intelligent practical 
farmers, who have declined sowing wheat, what mode of cropping they have adopted 
in lieu of wheat crops, to make annual returns of cash, and in an especial manner to 
ascertain the true species of bearded wheat which has been found by experience effect- 
ually to withstand the attacks of the fly and to procure samples of the same. The 
following remarks, in consequence of said inquiry, were noted for our own satisfaction 
and now offero'’ for general information. Wo find the fly passes itself between the 
outer straw ox husk and the stalk of the wheat until it reaches near.tlie first or lower 
joint, and there, somewhat like a caterpillar or a twig, fixes its eggs on the stalk, in 
number from six to eight to fifty ; by the growing of them the stalk becomes so coru- 
Xiressed with the adhesion of the cluster and weakened to such a degree, as uotl.osiip- 

{ >ort its own weight, conse([uently falls to the ground and the crop is irremediably 
ost. 

Wo must leave to naturalists to develop and describe the history of this insect ; but 
to us it appears unlikely that any means, within the bounds of human wisdom, will bo 
found. to do.stroy it, or to tincture the wheat stalks with any noxious quality sufficient 
to prevent the fly from preferring the common Avheat stalks to de])osite their eggs for 
the continuance of their species. We therefore conclude, from the experience of the 
most intelligent fanners and millers with Avhom wo conversed, that none hut unin- 
formed or obstinate men will attempt sowing the common wheat in the neighlM)i liood 
of the fly, unless compelled thereto by necessity. But this need not intimidate the 
farmers in the least from proceeding in a regular course of wheat crops, as the fatherly 
care of the Supreme Being in the course of His providonceeveii in this instance, when 
the wisdom of His dependent creatures evidently proves insufficient, has interposed 
and made provision for man’s comfortable subsistence, without obliging him to de- 
viate from his usual practice of tillage or his sustaining much loss or even disap^ioint- 
meut, hut only requires his timely application of the proffered remedy ; wliicli seems 
to consist of aeed-wheat of a peculiar species and ought to ho procured in duo time. 

Isaac Underhill of Long Island, State of New York, had his wdioat destroyed hy 
the fly, consequently had not any for seed ; but being a miller, took some out of hfs 
mill, which had been purchased from on board a ship at New York in the year 1780 
or 1781 ; this he sowed and reaped therefrom upwards of 20 bushels per acre, when 
few, if any of his neighbours, for some miles round had any to reap, it being destroyed 
by the fly; and he, being an observing man, immediately concluded that this wheat 
must possess some peculiar quality, therefore caused his whole crop to bo thra.slied 
out and disposed of it to his neighbours in small quantities for seed. This wheat they 
have now sowed for 6 or 7 years xiast and Isaac has never reaped less than 10 bushels 
from the acre in the most uii favorable seasons, but* genernlly from 20 to 30 bushels. 
It is a yellow, plump, full grain, with a white beard and white chaff, weighing from 59 
to 63 x’ounds the busbol. 

The millers, Isaac and Andrew Underhill, informed us that it was, in their oxiinion, 
equal to the best red wheat; and to us, who observed it with a farmer’s oye, it appears 
a perfect grain, much like the^yellow Skippack wheat, so highly esteemed by our 
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millers. The fly will reside in the flolds where this wheat is sown and d«;iiosito their 
eggs in the straw, but hardly ever materially injure the crn]». The only instance wo 
heard of was a widow woman procured one single bushel of this yellow bearded 
wheat and sowed it in the same field with the coinmon sort; it was a very small 
miantity in proportion to the whole field; when the fly had destroyed the coinnion, 
they attacked the bearded in very great numbers, the crop was* much hurt, yet 
notwithstanding she reaped 5 or 6 bushels from the 1 bushel sown. A man at sonie 
distance from the said widow’s sowed a held with the yellow bearded wheat, the fly 
destroyed all the neighbouring fields of the coinmon sort and seemed to collect in hi's 
identifully ; from their appearance he concluded his crop would bo destroyed; this 
man reaped about 20 bushels per acre. We fonud it to bo the general opinion there, 
that this wheat stands the winter better and escapos the mildews more than the com- 
mon sort and that it ought not to he sowed earlier than the second, third or fourth 
weeks in the next month, according to the progress the fly has made in the neighbour- 
hood when it is to be sown ; for it has been found, by observation, that the fly de])osLte 
their eggs in the fall, if the wheat is siiilercd to grow into stalks berore the cold 
weather pinches them, as the plai^ even of this wheat, is then too tender to resist 
the spear of the fly, if any has, or hear tho compression of the eggs, or that the eggs 
deposited at that early period are most likely to injure the stalk in the spring, heSro 
it has acquired a sunicient degree of firmness. The straw of this wlu'at appears 
nearly of the same texture with that of rice and is injured by the fly neither more 
nor less than it. Tho fly still abounds on Long Island as rife as over, yet we do not 
understand any material injury to be done by them save, to tho common wheat. • 

Isaac Underhill lives near Hushing on Long Island, is a farmer and miller, and a 
person worthy of having the fullest credit given to his oinnion in the ]n*eseait case; 
he was the first person who discovered the peculiar henefit of sowing this kind of 
yellow bearded wheat, has taken considcrahlc pains to spread the henelicial idVeels 
around him; and at this time his philanthropy iudiiees him to promote the general 
introduction of this invaluable grain. 

Andrew Underhill lives in the city of New York, is cstiined a man of veracil.y, 
is concerned in several mills, took methods early to i ntrodiice the bearded wheat for seed 
in the iieighbourhoods from which his mills had used to be sni)[>1icd ; the conscqiieuco 
has been, he has had a full quantity for his use ever since, aiul his wish is, that tho 
jnihlic generally may be supplied with seed. We had our information from many 
Xiersons on the s^mt, especially from tho two inention(‘d a ml from them wo have the 
promise of sixty bushels of seed for ourselves, the ]>resent season and are happy to in- 
form our neighbours, that they have x^romised toiu'ocnn^ what is in their i>ower for any 
of thorn, who, from inclination or apx>aTent necessity may bo induced to smidfor it. 

Wo fouml no instauce of any farmer substituting other crops in lien of wheat ami 
but one, of any having common wheat, so as constantly to withstand tho lly. The 
method he x>ur8ued was, to cover it with sea-wcod or straw, soon after it came up. It 
appears in this case, as in all others, that thero is no general rule without cxcox)tion ; 
some injury having been done to the bearded wheat, though so little, as not to havo 
the least weight with a person of reflection ; as on the other hand, some syiota of tho 
other wheat has been preserved in tho ncighhonrhood of tho lly, hut this liapjiciicd so 
seldom that a prudent man will hardly run the risk, when ho may, with great proba- 
bility and at a small additional expeuce, proxiose to himself a crox) ciiiial to what kind 
Providence has been pleased heretofore to bless him with. — [From tho Pennsylvania 
Packet and Daily Advertiser, Thursday, August 21, 1786 
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DES0EIPTIO^5^ OF THE RYE GALL-GNAT. 

i 

BY BR. HKRMANN LOEW. 

Extracted from " Dio neuo Kommade imd die Mittol, 'vrclche gegou sic aiimwendon sind." Yon Dr. 

H. Loew.* 1859. 

VARIOUS VIEWS AS TO THE ORIGINAL NATIVE COUNTRY OF THE 

HESSIAN FLY. 

The Hessian fly became first known in America, in 1779, by the great 
devastation done to wheat on Staten Island and the west end of Long 
Island, and, on account of the 5 "early increasing rapidity of damage, 
spreading over large tracts of land, was soon greatly feared, the damage 
done in some cases being from one-flfth to three-fbnrths of the entire har- 
vest. The idea that the Hessian fly was introduced with packing-straw 
by Hessian troops who landed on Long Island in August, 1770, soon 
becjime prevalent. Later, doubts arose. Some were disposed to believe 
that it was an American species, and that its immense multiplication was 
only a consequence of the rapidly spreading culture of wheat; some were 
convinced that the fly did not occur at all in Europe. After the latter 
idea had been generally current for a long series of years, and the same 
was acknowledged as a fact even by scientific institutes, a Gecidomijia 
was observed by Herrick t on Minorca, by Dana near Toulon and Naples, 
and by myself on the coast of Asia Minor, which fly, attacks the wheat 
in the same manner as Cecidomyia destructor in America, and wltose larva 
likewise transforms into a i)upa obtecta.” Upon these facts the idea 
of the occurrence of the fly in Europe again gained ground, and it seems 
as if the investigators completed the cycle by definitely regarding it as 
indigenous to Europe, and declared it, as in the beginning, as only in- 
troduced. Fitch in his paper strongly holds to this. He partly relies 
on the authority of Herrick, who, before he jnade himself acquainted 
with the species from southern Europe, observed the genuine Cecidomyia 
destructor iu America, and regarded them both as identical. Fitch also 
partly forms this theory from a glance at some si)eciimuis of a European 
species sent to him by Herrick, but so extremely briefly does he report 
on this comimrisou that I cannot consent to the proof of identity of 
both species. Regarding the question whether the si)ecics from south- 
ern Europe be identical with our rye gall-gnat, I must desist at present, 
as I neither i)ossess specimens of the former nor a complete description, 
and my reminiscences of the larvm and pupie observed almost sixteen 
years ago have by the course of time became rather indistinct. 

WHETHER THE RYE AND THE HESSIAN FLY ARE ONE AND THE SAME 

SPECIES. 

Whoever specially studies the natural history of the gall-gnats knows 
that the closely allied species of this genus in the complete state differ 
at most only by very delicate characters, easily escaping notice, and that 
in the earlier stages they agree still more among themselves, so that 
the effects on the cereal which they iiifeSt, and the structure of the 

* Translated liy Dr. C. r. Gissler. 

f This is a mistake. Prof. J. D. Dana foand tho larvas and pupoc, and reared the flies from wheat 
growiDg on the island of Minorca. — A. S. P. 
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malformations arising therefrom, can bo much easier recognized than 
those irrelevant characters. Without a very close comparison of the 
natural specimens of the perfect insect, the identity or the difterence of 
species is often very dillicult to prove. And yet this must be accurately 
shown before it is allowed to declare two species as one and the same. 
As long as there are only presumptions as to their identity, the tlirow- 
ing together and uniting of them leads to new, increased confusion, 
while the most accurate distinguishing and the most scrupulous care in 
separating allied species, and not confusing them as one species, war- 
rants and secures our knowledge. 

That the whole life-history of the Hessian fly closely agrees with that 
of our rye gall-gnat cannot be denied; yet it would be hasty to take this 
congruity, which in closel^'^ allied species cannot at all be expected less, 
for a proof of the identity of the two species. Moreover we find also 
some small differences. The Cecidomyia destructor almost exclusively at- 
tacks wheat only, while our rye gall-gnat has hitherto been found on rye 
only. The maggoti^nd pupje of the winter generation of Cecidomyia 
destructor are said to occur always only just above the up]>er end of the 
root-stock, and those of the rye gall-gnat are usually found a little 
higher. These differences are too trifling to disprove the identity of the 
two species. Rye and wheat are such closelj’^ allied i)lants that a gall- 
gnat, otherwise a very stubborn animal as regards the selection of a 
certain plant, would very likely choose, according to the inclination of 
the circumstances, one or the other of the two kinds of plants. Moreover 
it is not yet proved whether our rye gall-gnat does not infest wheat also. 

I shall now compare the insect in its different stages of develo])ment. 
I could j|jot procure any specimens of the American (Hessian) fly, nor 
was I able to find any in a zoological or private museum. Therefore I 
must depend upon Asa Pitch’s descriptions and illustrations. I notice 
a conspicuous difference already in the shape of the brown shell sur- 
rounding the i)upa proper. This shell is less cylindrical and coin])arativ"ely 
broader than in our rye gall-gnat, yet much more pointed at its tapering 
end, while in our species it is blunt, conical. Fitch counts in the an- 
tcniim of the perfect insect IG joints, while they are 18-joinled in all 
my si)ecimens. Moreover, according to his descrii)tion, the different an- 
tennal joints are in the female connected by thin pedicels that are one- 
third of the length of the joints, the last joint being at least one-third 
longer than the penultimate joint ; the intervening pedicels between 
the joints of the female rye gall-gnat are so short that the joints ai)pcar 
to sit one on top of the other and the last joint is scarcely longer than 
the preceding. I therefore infer that if our species is the real Gecido- 
myia destructor^ the demonstration of the pupa and the female antenme 
given by Mr. A. Fitch must be wrong, and that, if he correctly de- 
scribes it, our rye gall-gnatmust be regarded as different from Gecidomy ict 
destructor. The question can only i)roperly be answered by a compari- 
son with original American specimens, which I soon expect to receive. 
Without a verification we cannot suppose any inaccuracy in such a 
thorough entomologist as A. Fitch. We now have, therefore, to regard 
our rye fly as different from Cecidomyia destructor and to call it Gecid- 
omyia secalina. 

DESCRIPTION OF THE RYE GALL-GNAT. 

• 

Female rye gall-gnat {Cecidomyia secalina), — The length from the front 
to the extensile ovipositor is about l.J lines. Body-color black ; humerus, 
region under the alar radicle, nearly the whole abdomen and the con- 
necting membranes of the abdominal segments blood-red ; the ovi- 
positor, consisting of two iiarts, is more of the color of vermilion, fur- 
nished at its end with two very ininute, almost round, lamellulm. The 
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short and little noticed pilosities on vertex, back of thorax and abdomen 
black. Antennae about one-half line long, black ; they consist, beside 
their two basal joints, also of 16 oviform flagellar joints, apparently 
placed close together, beset with short black hairs. The palpi are 
blackish-brown, comparatively long, each successive joint becoming 
considerably longer than the one just preceding. Legs and halteres 
brown-black; wings grayish-turbid, with short hairs on their surface and 
with long, black, easily-rubbed hairs along their margins ; they only 
have three longitudinal veins and no transverse vein ; the first longi- 
tudinal vein is very close to the anterior margin, running just to its 
middle; the second longitudinal vein is considerably far from the an- 
terior margin and runs from the wing-root straight to the end of the 
wing, reaching the same shortly before its extreme terminus ; the third 
longitudinal vein is directed diagonally toward the posterior margin, 
suddenly bending toward the latter with its rather indistinct end, so 
that it reaches the posterior margin just opposite the month of the first 
longitudinal vein; we also observe that this thh*d longitudinal vein 
has also a straighter but inconspicuous anterior branch, sirising from 
that spot where it begins to bend toward the posterior margin, and 
which branch reaches the wing margin just in the middle between the 
mouth of the second and third longitudinal veins. 


B. 

OBSERVATIONS ON THE NEW CROP GALL-GNAT, BY DR. 
BALTHASAR WAGNER. EULDA, 1861; WITH PLATE, 4o, 
PP. 41.* 

Lit&'aiure, 

’Asa Fitch. The Hessian Fly. Albany, 1846. 

H. LoEW. Dio Gallmuckeii.' Pro^^ram of tho Gymnasium at Posen, 1850. 

H. Lokw. Die none Konimadc. Ztillichau, 1859. 

J. Wi^NEKTZ. Beitrao^o zu einer Monographio der Gallniiickcii. Liuuioa eutomo- 
logica. Vol. viii. Berlin, 1853. 

VoN lIoiiEXiiAUSKX. Biograpliio des Generals von Ochs. Cassell, 1827. 

F. Pfistkk. Die Fahrt der hessisehen Ueeresabtlieiluiig von Portsmouth nach N. 
York. Zeitschrift des Yeroins fiir hossisehe Geschichte uiid Laudeskunde. Vol. ii. 
Cassell, 1840. 

§ 1. Preliminary considerations on the ‘‘sciieinpuppe^^ (sub- 
imago STAGE) AND THE IMAGO. 

I first observed the maggot of the new gall-gnat in the neighborhood 
of my dwelling in the spring of 1860. Not until I perused, in July, Dr. 
H. Loeyw’s paper (1859) did my interest become more excited in the 
matter. I endeavored to secure siieciniens of tho sub-imago stage. 
First noticed on wheat only, I soon found that they also occurred on 
barley and rye. The insect occurred quite rarely on the latter ; but on 
the occasion of an excursion to the Rhon districts I found them as 
often on rye as on wheat. Both summer rye and summer wheat were 
attacked. A close examination of the pupm, as well as a comparison 
amongst themselves, showed no specific difference. They occurred, as 
is now generally known, most frequently just above the two lowest 
stalk-knots, immediately below the ruptured spot, and here mostly on 
the outer side; less so on the upper part of the knot itself. The num- 
ber of pupm occurring on a stalk varied much; sometimes I found but 
one, at other times seven to nine specimens. 

The preserving of the pupm took place in the open air beneath covers 

* Translated by Dr. C. V. Gissler. 
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of mosquito netting on garden-soil mixed with much sand, which was 
kept moist from below. These net-cages were exposed to every change 
of the weather, thus imitating the conditions of those not in captivity. 
During the whole time of observation my attention was also drawn to 
the metamorphoses going on in the insect in a state of nature. By com- 
paring the latter with those in formation in the nets I believed tliat the 
observations were without those mistakes which even tlie best con- 
structed, but sometimes partially manipulated, net-cages can never 
fully escape. . However much certain objections may be made to rais- 
ing them in captivity, yet, properly conducted, especially when kept under 
continued control with the metamorphoses going on outside, its impor- 
tance is not to be contested; this medium for the detcrminatiou of the 
swarming time could not have been omitted in the i)resent case. From 
the compilation of the collected notes on the hatched tlies has resulted 
the following table. I have to add the remark that the number of flies 
obtained from the various kinds of crojis does not in the least represent a 
measure of the more or less frequency of the insect in the respective 
graminaceous genera. For the least would such an inference be made 
regarding barley. That I obtained comparatively many flics from it is 
to be explained by the fact that the collection of pupm was locally more 
convenient for me. Winter rye yielded few flies, on account of the 
greater distance of the localities where i)ui)m would have occurred in 
quantities. ^ 
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Altbougli this table comprises but a small number of individuals, it 
nevertheless elucidates several important points, as it just answers some 
questions which are of importance in the characterization of the imago. 
Of the twelve males hatched, nine specimens have antennse with 16 
joints, in two of them the number of joints is 15 and only iu one 17. 
Most females have 15, three have 14, and two have 16 joints. Hence the 
normal number of joints for both sexes is not alike, but 16 for the male 
and 15 for the female. 

The determination of the numerical proportion of both sexes for the 
time cannot, however, be an accurate one, since chaiice*plays an iuit- 
portant role in the collection of pupm, and only by a comparison of 
several generations will a result approximating reality be obtained. 
However, this proi)ortion probably scarcely remains unchanged iu the 
different seasons of the year, as very likely various circumstances, 
such as unequal duration of some developmental periods, extraordinary 
temperature, &c., influence the sexual development. According to the 
table given that proportion is 12 : 21 or 4 : 7. Hence a prevalence of 
females over males may be accepted. Also iu catching the adults in 
the field, I captured a larger number of females. 

Those 33 developed flies distributed themselves in the various months 
as follows: August 6, September 24, Octobers. The swarming time 
begins toward the end of August, ending iu the beginning of October. 
The points of time of the beginning and ceasing of swarming essentially 
depend upon the climate of the location and the meteorological con- 
ditions of the year. The climate of Fulda is under the predominating 
influence of two neighboring mountains — the Rhoii and the Vogel, whose 
foot-hills approach the city, forming a climatologically important belt 
toward the south. Our district rises from the surface of the Fulda 
liiver, 790 feet up to 1,300 feet above sea-level. By all this a consider- 
able deviation of the physical from the mathematical climate is pro- 
duced, which must influence the times of appesirance of our insect, so 
that they probably also correspond to the more northern districts. 
That unfavorable weather ])roduces a remarkable retardation in the 
development of insects is an empirically known fact, which nowadays 
entomologists cannot deny. Last year’s raiir>^ August is still fresh in 
the memory of our farmers, no day liaving passed iq) to the 26th without 
at least a few hours of rain, sometimes even lasting uninterruptedly for 
several consecutive days. We may therefore assume, with some cer- 
tainty, that owing to the depression in temperature the development of 
the insect was retarded, the swarming time, therefore, appearing in other 
years earlier. 

Tlie life of the imago is of short duration. I could not keep the flies 
alive longer than six days, most having died already on the fourth or 
fifth day. 

The hatching gall-gnats were usually not caught before the dsiy fol- 
lowing hatching, and w^ere stui)efied in ether vai)ors and then micro- 
scopically examined. 

§ 2.— Dkscrii’Tion of the adult insect (imago). 

In explanation, I premise the following remarks : 

As to the number of segments coiistituling the abdomen of the gall- 
gnats the views of authors are at present still divided, since a certain 
organ at the end ,of the abdomen receives various meanings. Espe- 
cially in this respect do the views of those two German dipterologists dis- 
agree, to whom the uucleuiable credit belongs, by their successive as 
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well as diligent investigations of the hitherto so much neglecto<l natural 
history of the gall-gnats, of having built a solid foundation and having 
produced rich material for the pre])aration of an extensive monograph of 
this rather ditlicult branch of entomology. Dr. Loew, in Ids monograph 
of the gall-gnats, accej)ts nine abdominal segments, but does not state 
their number in his later description of the rye gall-gnat {Cccidoniifia scca- 
Una), J. Winnertz, on the otlier hand, in his paper, which closely su])- 
pleinents and follows the one just mentioned, includes in the genitals the 
organ seen by Loew as the ninth abdominal segment, deciding accord- 
ingly, as previously done by Meigen, for the acceptance of but eight 
abdominal segments. I consider Loew’s as the correct view. For the 
sake of brevity I confine myself to our gall-gnat only. Concerning the 
male (Fig. 17), the genital orifice lies underneath the iiapilhe subse- 
quently to be <lescribed, at the end of a thin, retractile cone, which 
should be taken for the cirrus. This unpaired organ is by no means on 
the clasper, but, as in all gal I- gnats examined by me, at the base of the 
clasper itself, from which it follows that the clas[)er is no api)endage, 
and must be taken, regardless of its smiill size, as an independent seg- 
ment. On the abdomen of a female gall-gnat we can in all cases readily 
distinguish seven abdominal segments. The part following the pygi- 
dium is, in the different species, in shapes and consistence of various 
formation, with ])eculiar pilosity; but this pygidium allows us in all 
cases to distinguish two segments separated by a transverse fold. In 
the female of our gall-gnat (Figs. 20, 21, 22) the foremost of these sfg- 
inents is more chitinized ; the posterior, yellow segment, placed some- 
what transversely toward the preceding, is membranous, elastic, and 
thereby capable of assuming various forms. According as tlie ovipositor 
is more or less protruded the membranous organ ex]>ands longitudinally 
or it contracts, but it is never actually withdrawn as in the ovipositor. It 
therefore cannot be regarded as a genital organ. Its analogy with the 
last abdominal segments of many other insects, the ])ygidium especially 
is seen in that it likewise serves for the reception of the oviposi tor. If we 
nevertheless reckon it with the genitals we should have to accept in the 
species with a very tapering, cylindrical, and throughout meinbranous 
l)ygidium not eight but oidy seven abdominal rings. In a female wjneh, 
in expiring under the inicrosco])0, evacuated a white fluid, I believe I 
have convinced myself that the location of the anal orilice is really be- 
low the posterior end of said organ. Should others make the same 
observation, the term pygidium would not only agree, but the accej^ta- 
tion of nine abdominal segments for the female gall-gnat would alto- 
gether irrefutably receive its justification. 

In determining the color of the various body-parts 1 was led by the 
following thought. The smallness of the object is to the naked eye very 
often a hindrance in exactly determining the true color, especially when 
this is not a vivid one. This case appears when we are prevented by 
the deviating color of the pilosity ftoin properly distinguishing the 
])arts underneath. Only with the microscope can we get over this diffi- 
culty. Under it the hair-covering, previously appearing uniform, dis- 
solves into single hairs, Avhose color we can easily distinguish from that 
of the body. Our judgment as to the color of a small, pilose part of an 
insect, therefore, Avill turn out variously, according to whether we sepa- 
rate the color of the hair from that of the part itself, or whether we con- 
sider the former together with the latter. This is often very important 
in microscoi)ical observations, and must especially in the i)resent case 
be coutemi)latcd. The legs of our female gall-gnat, for instance, appear 
to the naked eye as blackish, or black, on account of the pilosity, while 
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in reality their color is a dirty light-brown. The black -brown color of the 
male abdomen is iiiterraingled with the light pilosity in a peculiar man- 
ner, so that the abdomen has already been called ‘‘yellowish-gray.” 

Anotlier remark has reference to the instability of the color in the 
imago. The latter mtwiitcsts in this relation a true Proteus-nature dur- 
ing the first few hours after hatching. The abdomen of the just-hatched 
male looks dirty — looks dirty light-yellow. Into this yellow soon a hue 
of red mixes itself, and after an hour the color .is already a perfect yellow- 
red one. Through fire-rod it passes into a dirty light-brown, and thence 
into brown-red. Not before eight or ten hours is the fly completely col- 
ored. Not less striking is the change of color of the female, and more so 
on the ventral side. Already in the opened pupa-shell shortly before 
Latching it shows a shiny brown-red color, which passes in the just- 
hatched fly into a vivid crimson, thence going through several hues. 
The preserved dead female after some time scarcely allows us to distin- 
guish a light hue on the joint niembranes of the abdominal segments. 
I will, therefore, indicate the color in the description of the imago as it 
looked to me under the microscope in completely colored^ recently-hilled 
insect. 

Male. (Fig. 15.) — Length 3*"“. Head and thorax black; abdomen brown- 
black, lighter at the sides ; sutures and median line dorsally usually 
tawny yellow. Alar radicles and immediate surrounding light browil- 
red. Apart from the wings the hairiness of all the other body-i>arts is 
^reddish yellow. Aiitenine a little longer than half the body-length, 
blackish, turned upward, moniliform; hairs verticillately placed, 2-f 15- 
to 24-17-jointed, most frequently 2-f 16-jointed. First basal joint be- 
low a little narrowed, second nearly globular, separated from the lat- 
ter only by a groove ; both basal joints sparsely bristled. Knots of the 
flagellar joints oval, becoming globular toward the tips; style of the 
flagellar joints only a third thicker but over two-thirds longer than the 
knots which are scarcely contracted below the middle ; last joint sometimes 
shorter than the j^enultimate, especially when the number of flagellar 
joints attains the maximum; the lower verticillar bristles a little longer, 
the upper just as long as the single joints. Faceted eyes large, lunate, 
meeting on the front. Ocelli and pigment eyes do not occur. Posterior 
margin of the head, front, and lower face haired. The light-brown, 
short-haired palpi consist of four unequally long joints; the basal joint 
is the shortest; each of the following is longer than its preceding, but 
also slenderer, the terminal joint as long as the second and third 
together. They are usually directed downward and curved, so that 
each of them represents a faint curve with a posteriorly placed concavity. 
In lliis position they make themselves conspicuous by active vibra- 
tion. In dead specimens wo find the palpi frequently bent inward or 
crossing each other. Between the palpi protrudes the yellow proboscis, 
usually orally retracted towards the mouth ; it is blunt, ten-pin-shai)ed, 
of about the length and thickness of the second palpal joint. A trans- 
verse, in life vibrating, bead above the proboscis I take to be the upper 
lip. The dorsal i)art of the thorax (Brustriicken) is strongly arched lat- 
erally, beset with long hairs; the whole dorsal surface is divided into 
three shiny areas by two easily rubbed, longitudinal hair-beads, begin- 
ning behind the reddish humeral angle. Scutellum semicircular, brown- 
black, with its x)osterior margin sparsely haired. Metathorax naked. 
Wings without an alula, rounded toward tip, wedge-shaped at base, reach- 
ing far beyond thp abdomen, gray-turbid ; provided with plain, thin hairs 
directed toward the tip. The anterior margin of the wing is beset with 
appressed scale-like hairk, the posterior margin with very delicate ciliate 
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liairs, attaining on tlic edge of the wing their greatest length, and which, 
like the hairs of the wing disk, are easily rubbed. Each wing is fur- 
nished with three longitudinal veins, the first of which is near the ante- 
rior marginal vein, first running parallel with the latter, uniting with it 
near the middle of the anterior margin. The second longitudinal vein 
rises straight upward, curves considerably in a posterior direction near 
its last third, ending yet a little before the tij) of the wing. Finally, the 
third longitudinal vein, which in itsJower half is more prominent than the 
first two, arises from the same root as the second, but strongly diverges 
fsom it. Just opposite the end ^Miindung) of the first longitudinal vein 
it divides into two branches, ot which one runs in an obtuse angle to 
the posterior margin, while the other reaches the margin nearly in 
the middle between the end of the preceding branch and the second 
longitudinal vein. Both longitudinal veins are connected with each 
other by a very pale transverse vein, which, directed from the posterior 
toward the anterior and inner side, meets the first longitudinal vein at 
half the distance of its end from the roots of the wing. This is the 
only transverse vein in the wing, and is difficult to see. I succeeded 
best in finding it by placing the insect on its back, fastening the wing- 
tips in such a manner that they somewhat rose inwardly. The trans- 
verse vein of the wing directed toward the entering light can then be 
seen by reflected light. A magnifying power of seventy sufficed, while 
a power of even four luindred did not sliow it when the wing was kept 
in a horizontal position. A fold traversing the whole wing iminedf- 
atoly before the third longitudinal vein and its anterior corners is very 
characteristic. The comparatively long halteres are light brown. They 
and the long, slender, more dirty light-brown legs arc covered witii 
closely appressed, scale-like hairs, the latter being very regularly paral- 
lelly transversely striped. Coxa cylindrical, trochanter (^chenkelring) 
nearly globular, both of the color of the abdomen. Terminal spurs not 
])reseut on the tibia. Of the five tarsal joints the first is the shortest; 
their proportional length is approximately reached by 1 : 12, 5 : 4, 2 : 2, 7 : 
1, 3. The terminal joint bears two hair-like, coal-black claws, beneath 
which is but one disk-like, haired cusliion. Tlic cylindrical, spars(‘.Iy 
haired abdomen consists of nine segments, of which the last, very minute, 
is of yellow-brown color, posteriorly bearing the dark-red clasi)er. The 
eighth segment is smaller than the preceding, equally large segments. 
Each of the tw^o clasper-halves consists of two joints: the thicker basal 
joint is not haired on its inner side; on its outer side arc three shallow 
transverse grooves; the longer terminal joint is strongly curved inward. 
Between the claspers are two pale-brown conical papillm, densely beset 
with short hairs, which, as I believe I have observed, act together with 
the unpaired organ mentioned above as an auxiliary copulatory organ. 

Female, (Fig. 18.) — ^The length from the front to the end of the pro- 
truded ovipositor varies between 2.5®™ and 3.5™®, and is therefore less 
constant than in the male. Black is here also the predominating color 
of the body, being even more intense, shiny velvet-black. Nearly the 
whole abdomen, the sutures between the abdominal segments, and the 
median dorsal lineof theabdomen are raspberry-red ; the base of antennm 
and their place of insertion are often blood-red. On the ventral side of 
each of the six abdominal segments wo notice here, better than in the 
male, a nearly quadrate velveJ-black spot, which, how'cver, soon after 
death loses its distinct margin, the whole ventral then assuming the 
color of the dorsal side. The pilosity of all body-parts is black ; the 
antennae are reddish-yellow; the latter are one-third of the body -length; 



[ 14 ] REPORT UNITED STATES ENTOMOLOGICAL COMMISSION. 

the number of joints is 2+14 to 2 + 16, usually 2+15, The female, 
therefore, has on an average one flagellar joint less than the male.* 

Of the very short-stemmed, cylindric-oval flagellar joints the lower 
ones are a little longer than those toward the terminus; the last joint 
is also regularly longer than the penultimate, sometimes but little, but 
the plus is often a full one- third of the length, t 

Of the verticillate hairs those placed toward the base attain the 
length of the flagellar knots ; the pilosity of the female is altogether 
much shorter than in the male. The wings reach much less beyond the 
abdoTiien than in the male. The abdomen is cylindrical, gradually taper- 
ing from the sixth segment. The rose-rcd-colored ovipositor consists of 
a cylindrical basal joint and a one-third longer, posteriorly rounded, 
short haired terminal joint. The genital orifice is not at the end of the 
ovipositor, but below at the hind margin of the basal joint. The very 
convenient position of the terminal joint for the fertilization of eggs 
while passing out of the parent leads us to suggest the presence in it of 
a “seuiinal receptacle.” The great flexibility of the last segment allows 
the female fly to direct the ovij)ositor downward, which can best be ob- 
served in the moment of oviposition. No trace can be found of certain 
small lamelhc usually occnring in gall-gnats at the abdominal end. 

Loew, in his monograph, states as an artificial character of the gall- 
gnats : 

Hody long, cylindrical. Legs slender, tibifn always unarnied, claws weak, only ono 
claw-cushion. Wings large and broad, without appciubigo, with three to live longi- 
tudinul and scarcely oiui transverse vein, which ispjaced between the lirst and secoiid 
longitudinal veins; wing-inargiri ciliato, with hnt seven sesetious; surface of wing all 
over with long or shorter luterrningled with longer pilosity. 

By a glance at the above description the family character will be re- 
cognized. Our insect is, therefore, really a gall-gnat. As the first tarsal 
joint is the shortest and no ocelli occur, the insect belongs to that group 
of gall-gna ts which comprises the two genera Cecidomy ia Meig. and Laai- 
optera Meig. (excluding the species witli uon-abbreviated first tarsal 
joint). Only the first longitudinal vein of the wings approaches more 
the anterior margin ; therefore the insect belongs to the genus Cecido- 
myia. Winnertz subdivides this genus into eight subgenera. The run- 
ning out of the second longitudinal vein before reaching the end of the 
wing and the nearly equal number of antennjvl joints in both sexes 
allots our insect strictly to the subgeiius Cecidomyia. 

5 3. — Winter generation. 

The period from the egg up to the imago occurs in the life history of 
this insect twice annually, i. e., the fly appears in two generations every 
year. That we besides this have to distinguish also another hitherto 
overlooked case I shall demonstrate at the end of this paragraph. At 
present we will speak of that generation which is produced by the flies 
hatching in the fall. We will call it, since it belongs to the cold season, 
the winter generation. 

* An exarnin.'ition of all tho raised Hpecirn#*iis teaches iih that the normal Tinniherfor the antennal 
joints, (d* 2-1-16, $ 2-|-15) on tho avorajfu Buffers in seven eases two excei>tioiis, i. c., having ono more 
joint or one less. 

tTho small stylet connecting both terminal joints we not nncomraonly find to be reduced to a niini- 
miim, 80 that it is rather dillicult to tell whetlier there are#, wo or hut one joint. To esca])e any doubt 
the following leinark will be of advantage: Where at least a transverse groove is indicated I lUreided 
for tioo joints ; where this conld not be found I aecejited but owe joint, even if the propoJtional lejigth 

S crliaps recalled the possibility of two eon nate joint h. It often occurs that some .joints may be aub- 
ivided by a constriction into two smaller joints. This modification, a coinst qiiruce of mechanical 
presBure or of having been dried up alter death, will never leave tlie observer in doubt as to tbo real 
nninber of antennal joints, wlieu i'O considers tlieii* iiornial xjroportion of length and the manner iu 
which they are linked together. * 
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(Fig. 1,2.) 

I have observed the act of copulation in our gall-gnat several times. 
On the 6th of September 1 brought to a female, hatched early in the 
morning of the same day, a male. The female sjit quietly on the wall 
of the cage and soon retracted the protruding ovipositor up to near the 
terminal joint. After the male had llown for a while arouiul the female, 
he alighted on her, bending his abdomen downwards, embracing the ovi- 
positor with his claspers, thus reaching its orifice from below. Copula- 
tion was repeated in short intervals, each lasting from one to two minutes. 
After this the male was captured and a tender wheat sprout just taken 
from the soil was jdaced to the female. After a good half hour the fly 
ascended on the introduced plant and deposited eggs on the surface of 
several leaves. With the head directed toward the tip of the leaf, she 
slowly walked diagonally up, after each short pause depositing two 
eggs between the intervening spaces of tw o successive longitudinal leaf- 
veins, so that, though the eggs were placed in a i)arallcl position, one of 
them was a little ahead of the other. It could be distinctly ob- 
served during the act how the egg each time was expressed by the o^'i- 
]>ositor. After removal of the plant a few others were substituted ^ 
w hich were likewise beset with eggs b^^ the insect, wherein, although the 
piocess was analogous, a deposition of eggs in i)airs did not always oc- 
cur. In all I counted 83 eggs deposited by the female. 

In all cases observed the number of eggs deposited by one female 
w’ere more than 80 and less than 100. I reached this result cither by 
I)lacing sprouts under the glass globe, as long as any eggs were dei)os- 
ited, or, instead, a whole bunch of sprouts, prepared for it in a llower- 
pot, was covered with a glass globe and the fertilized female introduc(*d.* 
After the fly has attended to the care of her offspring, death follows 
both sexes within a few hours. 

The egg has a length of 0.3"^"' and a diameter of 0.08”**"; it is cylin- 
drical, rounded on both ends, smooth, trans])arent, very faintly light 
brown or furnished with several red dots, which are often confluent to 
a single dot, disappearing in a few hours, permanently changing color 
into brown red. 

If we hold the leaves on which our gall-gnat has deposited eggs to the 
light the latter become conspicuous by a red, silken hue ; but if tht‘ 
hatchingof the maggdts has already taken place, we notice in the small 
valleys betw’een the longitudinal nerves small excavations; the former 
l>osition of the ovules and tlie remaining egg-skins appear as elongate 
white dots. 

Ow ing to the very minute size of the eggs their gathering in the field 
is very difficult even to an experienced eye. An examination of the leaves 
with the magnifying glass requires much patience and endurance. I 
therefore preferred, with a view of finding eggs, to examine a largercpian- 
tityof si)routsof a field, in whose neighborhood thcflyfornierly occurred 
in multitudes, and have in this case not only easily found them, but have 
also found their arrangement to correspond with what has been stated 
above. 

As to the length of time from the deposition of the egg up to the 
hatching of the maggot I c.an communicate some observations. Those 

* Several dilliriilties occur iu the rearing of iiuijir^otH from wliicli lie principaJly jxirfly 

in the great toiulerncss, mul then foie ctisy viiliiiM ability of all tlic psn ts of our^ ily, partly 
in the leea freipieiit ncctirrciiro of the male. A Hide from the ]»ilosily, carli laceration of the inject 
foils the oxp(‘rimcnt to produce copulation. Therefore it requires great cure, in capturing fcs]M'ci- 
ally, since the logs esjjecially thereby receive injury, h’lirl heniinre. young females obstinately resist all 
invitations of concupiseeut msiles aiid the ii!Vi;ise. Fur the siu cess of the e.xperinient, therefore, un- 
injured, fully colared individuals of both sexes are the essential ;]f;quiremcuts. 
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sprouts affected with the eggs of the insect of September 6 soon recov- 
ered after replanting them. From 6 a. in. till 9 p. m. the temperature 
was marked every three hours, and with regard to the then also nightly 
mild fall weather Edauinur less than the average temperature at 9 
p. m. and 6 a. m. was accepted for the omitted nocturnal observations. 
The hatching of the maggots took place on September 14, eight days 
after oviposition. From the stated temperatures and the sum of observa- 
tions (nights taken into account), the average temperature of those 
eight days was 10.5o E4aumur [55.5 F.]. How much more the develop- 
ment of the maggot from the egg could be accelerated by increased tem- 
perature, eggs obtained October 5 yielded a striking verification : the 
maggot so rapidly developed in a warm room that they left their egg- 
skins as soon as the third day. 

The freshly-hatched maggots very slowly wander downward in the 
longitudinal valleys between the leaf-nerves. Their motion can only 
be noticed by looking at them for a long time, especially by means of 
a magnifying-glass. Several hours pass before the maggot reaches the 
base of the leaf. After passing the latter the maggot disappears, and, 
as we find by examining the sprout, continues to wander in the interior 
down to near the root, to take from this time its permanent seat. 

2. The maggot (Fig. 3 to 13.) 

The ground color of the larva is white, but when the maggot has just 
left the egg-skin it shows interiorly a flaky appearance, which in the 
course of further development forms the so-called adipose body, and 
which is trajected by a free moving red liquid, by which the maggothas 
now a reddish-yellow look. In the movements of the maggot this red 
liquid accumulates in certain jdaces of the body in lacunes, thereby 
producing the blood-red spots which appear here and there on the body. 
The maggot is now elongate-oval, head end pointed, surface bald and 
finely wrinkled. Its length an hour after hatching is 0.11"”", three times 
its width, but on the third day already 0.32““, five and a half times its 
largest diameter. Of the subsequent developmental phases scarcely 
anything more is to be said than that the maggot gradually acquires a 
more elongate form, and that the segmentation of the body becomes 
more distinct. 

The maggot found in the beginning of November, in winter rye, lay 
head downward, just above the base of the roots.. The maggot had a 
length of about 3““. It was white, laterally transparent, the adipose 
body of a yellowish-white color. Faint lateral emarginations showed 
fourteen body segments, of which two belong to the head, three to the 
thorax, and nine to the abdomen. On each side of the fleshy mouth pro- 
truded a likewise fleshy sensory point. The extremely small stigmata 
could be seen on the prothorax and the first eight abdominal segments. 
The motions of the maggot were so insignificant that they could be re- 
vealed only by the aid of a microscope. The retracting of the head was 
spy-glass-like in two motions. All sprouts on which the maggot was 
found were eEher decayed or visibly sick ; their yellow-brown color much 
contrasted with the vivid green of their healthy neighbors. 

The sowing of the winter rye begins here and in the immediate neigh- 
borhood of my dwelling, especially owing to economical reasons, not 
before the 20th of September; that of whbat still later. If this suffi- 
ciently demonstrates why the gall-gnat used to be found in rye only 
and not also in wJieat, the question, however, was significant: where 
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do the flies deposit their eggs before the appearance of the 'winter crop ^ 
As I looked for a long time in vain for the maggots of this hard-pressed 
insect, I was about leaving the greater part of the brood pitilessly to 
its fate; but T was very soon convinced of my mistake, Asis well known, 
the farmer, to his sorrow, often observes on the barley that, in harvest 
time, the greater quantity of the straw breaks a little below the ear, 
which soon disseminates its contents or drops oil* entirely. If the soil 
is loose and rich in huinns, it will cover itself, especially when fa vored 
with soinerain, in a short time with youngsprouts, often attaining consid- 
erable growth in the late fall, and these I, as they appear after harvi^st- 
ing, will briefly call “ barley aftergrowth.” And indeed our flies have 
chosen this “aftergrowth,” being pressed to oviposition, and sittae-ked 
especially those fields in whose immediate neighborhood the maggots 
previously appeared in numbers, so that not a single stalk remainiMl.* 

Owing to this interesting discovery at the end of November I gaveup 
the further examination of the maggots occurring in rye, and followed all 
the more diligently the development of the easy obtainable material 
on the so-called aftergrowth. The mild first part of December favored 
me in finding the maggots. I shall now allude to the developmental 
stages of the maggots, which however appeared more near each other 
than after each other. 

The maggots discarded their former, more stretch(*(l, nearly cylindri- 
cal form, the shape now' again approaching the originally elongate egg- 
form of the earliest state. This more robust look was evidently due to 
the considerable development of the adipose body, winch in most of the 
specimens was distinguishable as a snow-white mass from the remain- 
der of the more transparent body. The segmentation was less distinct 
than in the formerly examined maggots, as the sides scarcely showed any 
ernargi nations. Viewed from above, the head of the maggot scorned to 
have disappeared, allowing but twelve segments to be counted ; on the 
ventral side of the first thoracic segment the first cephalic ring was rej)- 
res(*nted by a small protuberance, and the posterior segment was suf- 
ficiently indicated by a shallow groove, which usually connected with 
Uie suture between the first two thoracic rings. 

In the least developed maggots the yellowish- white adii)oso body ap- 
peared on both sides in connecting imrtions, so that trans])arent ])or- 
tions could be si'cn only in the vertical line of the longitudinal axis' in 
w hicli ]K)rtioiis the greenish contents of the intestine were visible. Sev- 
eral times in placing Such a maggot in a drop of water, tenderly strok- 
ing it with a camel’s hair pencil, a number of green corpuscles soon 
swam in the water, evidently issuing from the intestine of the maggot. 
1 take these corpuscles to be chlorophyll granules which the maggot 
takes in with the cellular juice. Experience that the green intestinal 
contents of such alcoholic specimens decolorizes strengthens me in tliis 
belief. 1 did not succeed by any means in compelling the maggots re- 
feiTcd to to protrude the in vaginated head. As the maggot undoubt edly 
still takes nourishment in this developmental phase, but closely ap- 
proaches its full grow th, it is assumed that the retraction of the head 
takes place at the moment of, separating it from the plant, and that in 
the extremely slow maggot, when once disturbed in its life-habit, the 
assumed condition is retained. 

A second i^ortion of maggots distinguishes itself by the entire 'want 


• Tliat the aftergrowth baa aiich a great attraction for the flies of neighboring iTifeatrclflelcIs, aspecial 
case taught me : On a field of barle> on whit h 1 iireviously could see no trace-of the insect the mag- 
gots appeared very numerous In the attergrowth. 

2 AP K 
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of transverse grooves 5 the body- segments were but partially indicated 
by slightly bluish transverse lines. The colored liquid concentrated in 
the dorsal vessel was yellowish-green on account of the underlying in- 
testine. The head was here, as in all forms, retracted. The maggot at- 
tains with this stage the maximum of its size, therefore taking no more 
nourishment. All its motions and bodily modifications henceforth go 
on within its integument. Therefore an important epoch in the life-his- 
tory of the maggot is herewith concluded. 

To this connective and transitory form belong those maggots which 
produced by contraction in the direction of thelon^tndinal axis a par- 
tial separation of the external skin, also those which were no more in 
connection with this skin. The period of pseudo-pupatio!i begins with 
this moment. The dead external skin, excluded from thelife-lunctions 
of the organism, becomes now a protecting cover, within which the mag- 
got undergoes the transformation into the real pupa and imago. Through 
this still white cover we recognize the scarcely changed maggot, and in 
the latter, especially on removing the external shell, we recognize the 
reddish-yellow or red dorsal vessel and the snow-white adipose body, 
which later becomes separated according to the segments into more dis- 
tinct sections. In consequence of that contraction of tlie maggot an 
empty space is produced at both ends of the shell. The shell 011 some 
specimens has already assumed a yellow-brown color and denser con- 
sistency. The anterior end of the shell plainly exhibits a curvature 
and a iirotiiberance as a remainder of the retracted mouth, as a sign 
that the mouth-parts were not excluded in the late change. 1 owe it to 
a lucky chance to have had once the opportunity to sec through the 
still slightly colored shell of such a maggot, which pushed the front part 
of the body back and forth, not only the head with the palpi, but also 
to observe, how in each forw-ard push the mouth-parts entered behind the 
mentioned protuberance. The position of the head therefore fully cor- 
resj^onds witli that of the protuberance. On the light-brown shell Ave 
can better see the punctured transverse lines lining each boily-segment 
than later in the dark-brown pupa. 

The rye sprouts infected by our gall-gnat and examined in ITovember 
and December have taught me that very likely none of those sprouts 
have sufficient resistance to attain maturity, therefore all succumb to 
this insect; further on, that, as a rule, the full growth of the maggot 
coincides with the death of t he sprout. The dead sprout for a time serves 
as a protecting cover, but after its decay the enveloped maggot imbeds 
itself in the soil. The latter supplies moisture for the preservation of 
the maggot, to which the parchment like cover moreover yields special 
protection against the dryiiig-up sun-rays. 

The young maggot, as a rule, places itself immediately above the knot 
from wiiich the sheath of that leaf arises on which the eggs were hatched. 
On sprouts still wanting aninteruoded stalk, the leaf-sheaths arise from 
the root-head, therefore the maggots occur right above there. On the 
other hand, if the fly finds already a developed sprout, it never deposits 
the eggs on the lowest leaves, but on blade-bearing ones. Of this I con- 
vinced myself on that barley aftergrowth ; the maggots were not all 
the way down, but always in the neighborhood of the two low^est knots, 
from which it follows that tlie plants at the time of oviposition of the fly 
had already developed a stalk. Therefore ‘if the maggots occur on the 
young winter sprouts near the root, we should nevertheless expect to 
see a special pec^^^j^^y of the winter generation. 
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3, The jpupa or chrysalis.* (T^ig. 14.) 

During the winter we perceive no conspicnons changes in the envel- 
oped maggot as taught by an examination after reinoviiig the sin'll. 
The severe cold has reduced its life-functions to a inininmin, recalling 
its life as an egg, until the vivifying vernal sun penetrates even its colli n- 
like prison, awakening it from the long apparent dc*ath to new activity. 
The insect at the time is still in its larval state, which, however, it soon 
discards, entering the pupa state, by which change the larvarium be 
comes immediately a pupariiiin. The changes which the insect under- 
goes during pupation advance rajndly and are accompanied by impor- 
tant moditications. The pi*othoracic stigmata are substituted within a 
few days by two stigmaphora, andin the anfennal region we perceive tw o 
bristled organs. Simultaneously the rudiments of the antenine, wings 
and legs push forth. The color of the insect in this ])hase is still a 
w hite one, but already, after a few" days, the ventral surface assumes a 
reddish hue, which intensilies with every sueeessive day, gradually ad- 
vancing toward the dorsal side. The red veins of tlie fiilnre wings are 
especially conspicuous. All body-]>arta exhibit, in the course of about 
a week, a blood-red color. Finally the white i)n])a-shell is secreted, 
through wliich now the more ( 2 ) or less ( S ) red body (;a.ii be traced. 
The middle of April is the time when pupation begins, but this transition 
from the larva to the i)upa is not the same for all maggots, but eom- 
l)riscs a term of severjil weeks, a fact w"hich should not surprise us if 
we consider that the time of swanning and consequently also the tinuii 
of hatching of the young maggots in autumn lasted over a month, and 
that the maggots occur in the early part of winter simultaneously in 
various stages of development. 

The pupa-shell is the substantially modified former larval skin ; we 
therefore shall recognize in it the form wiiich the maggot ]msscssed ; 
some time after attaining the rnaxinium of grow th it separated itself from 
the inclosing membrane. Its length is sometimes scarcely 3""“, but 
in most cases from 4"”" to Its form api>roaches that of a cylin- 

der with the ventral side more convex, the iK)sterior end blunt, conical, 
and the rounded anterior end somewiiat bent dow n ward. Tliia bending 
took jdace simultaneously witli the retraction of the head. The upper 
surfa(;e is smooth ; very small irregularities, seen under the niicrosco])e, 
obviously originated in consequence of shrinking. Tlie punctured trans- 
verse lines limiting each body-segment arc, on account of the dark chest- 
nut color, seen under the mi(TOSCope only. The punctures of the trans- 
verse lines produce reflce.tions in wiiite and light brown larval shells 
after the removal of the w'orm; the reflections recall the ]>assing of light 
through very minute oriliex's; I regard them, therefore, as real ])ores. 
The color of tlie protuberance, being the remainder of the sucking 
mouth of the free larva, may be brown, yellow", or wdiite. The shell has 
lost its original membranous structure, becoming so brittle as to break 
under light pressure. 

Kow in this shell is the pupa proper, which itself is again enveloped 
by a white, membranous skin. Its average length is 3”"". As in 
the Coleopt^a and Hymenoptcra its anteniine, wings, and legs are 
also enveloped in separate i^heaths, and so ingeniously placed that a 
glance at such a mumniy excites in a mind susceptible to the beautiful 
not mortal fright, but admiration and ideasure. The wings, folded back- 


*ThlB would be tbe proper place to point out the inannor of niipation occuriiigin clipb^rAiii <:en- 
ernl, niid es^cinlly in jrall-gnHta. Loow's x>aper mentioned above rreinonatratcs tbia verj' intelligently ; 
therefore I uighly recommend his paper to tnose finding special interest in the present matter. 
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ward, resemble coat-tails, and are placed under the distinctly segmented 
body. The antennal sheaths pass down on the inner margin of the wings, 
coming from the vertex. Between the antennse are the parallelly 
placed, ventrally appresSed leg-sheaths, innermost those of the anterior, 
outermost those of the posterior legs, the tips of which reach about 
to the sixth abdominal segment. On each side of the thorax protrudes 
a slightly curved, small horn — the breathing tubes characteristic of the 
gall-gnats.* 

Immediately behind each antenna a short bristle arises from a small, 
round protuberance. * The chitinous structure of the nose-shaped pro- 
cess between^the bases of the antennm seems to be of some service in 
hatching. 

The mode of hatching I never observed in the field, but shall state 
liere ray observations made at home. As soon as the pupa has matured 
it turns around, head downward, and fills out with its abdomen the 
hitherto empty part of the luipa-case. Thus propped, it raises the out- 
wardly idaced dorsal aide of the abdomen and cracks tlie shell ; a trans- 
verseslit has formed usually through theeighth and ninth segment. The 
various body-parts are yet so soft and flexible tlyit they can thus be 
bent, l^ow, as the insect props the chitinous frontal process against the 
shell and presses the body toward the formed slit, the latter widens and 
allows the anterior i)art of the insect to passthrough. After a short 
recreation from the great work, a few stretchings and jerks siiilice to 
break the thorax of the shell longitudinally. Again comes a short 
pause; head and thorax become free; whereupon the insect pulls forth 
the antenine, wings, and legs out of their sheaths, freeing itself entirely. 
The young fly now creeps to the light and moves its soft, stick-like 
looking wings along toward each other with great rapidity until after 
some five minutes they are fully stretched. After the free access of air 
has brought its drying and solidifying influence iiimn the external mem- 
branes, the fly finally submits to the bearing capacity of its tender 
wings. 

To remove any objections, as if the narrow space between the stalk 
and the blade wmuld not allow any motions of the fly, I add that, at the 
time of hatching, the connection between the lower blades and the stalk 
is already sufficiently loosened so that there is no want of space for the 
escape of the fly. In this, perhaps, is the. reason why the female sup- 
plies the lower leaves only with eggs. 

The process cannot essentially diflbr from the above in pupje lying 
free on the soil; but as the shell is freely inovable, the hatching re- 
quires less force by the insect. 

4. The perfect insect. 

From the 17th of December till January 29 the soil was covered with 
snow; the out-of-door observations, therefore, had to be discontinued for 
a long time. The subsequent alternation of sunshine and dew (during 
the day) and frost (at night) proved to be bad for our crops; in some 
districts over half of tlie sprouts were killed within a few days. The 
sprouts infested with larvm, formerly easily-recognizabl% (owing to 
their discolored look), could not be distinguished, after the snow had 
melted away, from those killed by frost, or if already decayed, no 
pseudo-chrysalids were found. This was quite inopportune, as I did not 
collect any maggots in the fore- winter, expecting to obtain in spring ac- 

* On the empty pnpa shell two lon^-, bristled organs, nsnally spirally wonnd above, wbicb appear 
to ronnuot with the tracheal tubes by a canal, arise out of the thorax-slit, a little before the traoneal 
tubee. I cannot see for what use they are. 
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curate results as to the determination of the swarming time. With tlie 
consciousness of having previously obtained certainty as to the actual 
occurrence of the fly on winter rye I became contented to make use of 
the occurrence on barley aftergrowth. On flelds with young clover the 
straw of this aftergrowth preserved for a rather long period the i)seudo- 
chrysalids I gathered about the middle of March. The result is tabled 
as below : 
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SomcT important inferences can be drawn from these facts. The mag- 
gots occurring in the stubble in spring cannot possibly belong to the 
winter generation, that is, Irom eggs laid in fall; such an acceptation 
would not accord with the manner of nourishment of the maggot. We 
therefore infer that some individuals of the sumuYer generation, perhaps 
owing to very cold uight.s which occurred a little after October 1, hiber- 
nated and then developed into the imago. The manner of the occurrence 
of the imago verified this. The scythe was, on account of the clover, 
kept high, usually cutting oft* above the dwellings of the maggots, and 
the upper part of the bent stubble or the blade remaining after the de- 
cay of the stubble became a protecting cover for the hibernating insect. 
Occasionally one or several maggots occurred amongst empty pupa eases, 
whose former occupants, therefore, had been in sisterly relation to them. 
These and several other observations remind one so closely of even the 
most detailed circumstances of the occurrence of the maggots during 
tlie previous summer, as not at all to suggest a winter generation. 

Since at the time when the disturbing external cause appeared, many 
of the insects certainly lived not in the larval but in the pupal state, 
and yet no pupa3 were found in March ; it follows that only the mayyots 
hibernated. 

We still lack any special knowledge as ta the temperature required 
for each of the four life-periods when no cessation of development 
should occur. This temperature is evidently in many cases so iineVpial 
that each successive state requires a gradually increased temperature. 
The looked-for opportunity is seldbm ottered that a larva in its earlier 
stages continues to develop at a certain temperature, while another 
more advanced one is arrested in its grow th only to resume growth again 
at more favorable weather. Of this we have in our fly a conspicuous ex- 
ample. The maggots examined at the end of March from the stubbles 
allow^ed us to see nothing from which to infer that they approached the 
pupastatemore than those examined the previous September; the latter, 
therefore, were already full-grown, having ceased to grow for the length 
of half a year. Not so the maggots of the winter generation ; after they 
had previously undergone the lirst phases of their larval state, they de- 
veloped during the warm days betw^een December 4 and 1(> so rapidly 
that they overtook those on stubble, and then began their hibernation, 
enduring in it till March. From this it follows that the time of swarm- 
ing of those hibernating on stubbles for the greater part corresponds 
w ith the actual w inter generation. But if that extremely favorable De- 
cember w^eather had not set in the same could have happened, since, as 
just demonstrated, the two kinds of maggots do not always conduct them- 
selves alike tow^ard the temperature of the air; the maggots of the winter 
generation would in this case have made up In spring wiiat the winter 
made them unable to accomplish before the maggots on the stubble had 
awakened from their long slumber. As we hold to the present facts, we 
see in the hibetnation on stubble the cause of a partial prolongation 
of the swarming time, which will certainly be transferred also to the 
summer generation. Therefore we can, as is assumed, if w^e adjudge 
the rye-hibernating insects a somewdiat later swarming time, consider 
the second half of April and the first two-thirds of May as the duration 
of the spring sw^arming. 

The hibernation of the insect on stubble gives us a key to a judgment 
of the very probable behavior in variously dift'ering latitudes. Since 
the theory may be considered valid, that the required time for the de- 
velo])ment of aitinsect remains the same only under the same external 
conditions, but a change of the latter must necessarily be accompanied 
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either by an accelerating): or retarding influence upon the duration of 
development, our tly will show certaiu deviations under dittereiit lati 
tudes. The following holds for the district of Fulda (oOio Nortli 
Latitude): The eggs out of w'hich the maggots hibernating ou stubbles 
are produced are dei)osited in May; the ])erfect insects appear the fol- 
lowing year in April and May ; the inetainorj)liosis of thcsci flies therefore 
requires a whole year. On the other hand, the Hies issuing just before 
the beginning of winter undergo two generations in one year. So we 
have a single and a double generation, which will probably also hold 
for the greater part of northern Germany. Furtlier on toward the 
north, owing to the earlier appearance of winter, the hibernation of the 
summer generation becomes more and more frequent; finally, near the 
polar districts of our cereals, the coming out in fall becomes impossible, 
so that there will occur but one single generation. On the other hand, 
in the south there might be observed but one double generation long be- 
fore reaching the equatorial limits of our cereals. 

That the maggots also hibernate on stubble of the other cereals har- 
boring our insect nobody will question. For gathering maggots in 
spring it is well to choose fields with young clover, because the stubble, 
under the protection of the wild mustard is then longm* i)reserv'ed ; 
furthermore, as it is well known that wheat straw has more resistance 
against the weather than the straw of rye, and especially barley, wheat 
stubbles again deserve attention. 

§ 4. Summer generation. 

The metamorphoses of the summer generation take, favored by the 
warm season, a rapid course. The flies issuing in April and May find 
plenty of the foo4l-i)lant8 for their ofispring. Those of them wliich ])assed 
through the earlier stages on winter cereals oviposit again on the same 
kind of croj) which had already raised a brood ; but as the basal leaves be- 
gin to (hreay, the female now chooses stalked ones for her eggs ; but those 
flies whicli hibernate as maggots on barley aftergrowth or on stubbles are 
compelled to s(‘4?k new breeding localities, in which desire they strongly 
incline to Avinter wheat. Only when the latter is wanting in the neigh- 
borhood do they content themselves Avith spring cereals, Avhich for 
tlie purpose of the lly are suflicieiitly advanced in May. The hatching 
young maggots, as in fall, creep to the base of the blade, Avhere tlicsy 
find all the requirements for further development. According to the, at 
this time, mo]*e or less advanced plant, the maggots afterAvards occur 
on the lower stalk nodules, or immediately above the root stock. The 
spring cciieals usually overcome the attacks of the Avorins by a luxuri- 
ant, rapid groAvth, as they, in spite of the Avorms, advance on iertile 
soil. ToAvard the 20th of Juno the majority of the juaggots are full 
groAvn, some of them being then already in the pseudo-pupal state. 

As the maggot liA^es on the juice of the plant, remaining in its first 
chosen dAvelling, this spot becomes so much loosened by extraction of 
juices that it shrivels, and the stalk, too weak to bear the ear, bends 
over at the first Avind. 

It hapiiens, Avheu a strong stalk, that one or several maggots imbed 
themselves, on account of their sedentary habits, in the soft, yielding 
substance deeply into thepavityof the stalk; if the spot then heals, 
i, 6 ., makes it possible by luxuriant groAvth, that the wound regenerates 
by new cell-formation, externally all traces of the wound afterwards dis- 
ai>j>ear. WhocA^er follows this ihoccss in nature Avill not wonder, Avhen 
he finds the pseudo-pupse in the interior of ^le stalk, close to the upper 
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end of the respective knot. The hatched iiy in such a case may be 
puzzknl, when the up])er space of the stubble is shut oil’ by the next 
knot, and no otlier outlet exists for its escape. 

The ])upa shells sticking to the stalks usually differ in form and 
sculpture from those occurring on young sprouts in the neighborhood 
of the root. Those show a flattening below and above; on the surface 
occur faint wrinkles and tender longitudinal lines. These and siinilar 
deviations from the typical cylinder-form originate by sinking together 
and drying up of the originally entirely membranous shell. 

Peculiar malformations, such as are usually produced by the attacks 
of gall-gnat maggots on vascular plants, I did not observe, at least 
on wheat and rye, but on barley aftergrowth the spot where the mag- 
got of our fly rested, occasionally exhibited a knotty swelling. 

§ 5. The new cereal gall-gnat as compared with Gecidomyia 

SECALINA LOEW. 

The examinations of our gall-gnat hitherto condncttMl comi)el us to 
a comparison with the rye gall-gnat (Ceaidomyia seealvia) described 
by Dr. Loew, as for the former we have not yet found a new scientitic 
name. Loew, in the preface of his X)a])er “Die neue Kornmade” [The 
ne^v Corn-maggot], states it as his ])rincipal i>uri>ose, to give Ids observa- 
tions on the rye gall-gnat such a direction that the hitherto frequent 
confounding of the maggot with otlier larvm shall be avoided, and 
that, on the other hand, a full knowledge of the developmental his- 
tory and biology of the insect shall be obtained, as necessary to ener- 
getically fight against this enemy of the crops. It is evident that the 
paper does not pretend to be a complete nu)nogra]>h of the rye gall- 
gnat. The want of illustrations of his described insect shows this 
likewise. The few observations known about the fly at the time of 
writing the paper the author utilized for his description, throughout 
showing a good authority on gall-gnats. 

What Loew states on the biology and the characters of his rye-gnat 
agrees even in the most minute details with my experiences on the 
above described gall-gnat, so that it is not necessary for me to give jiroof 
of the unity of his with our species. I arrived at a diverse result 
only in regard to a few rather irrelevant ])oints. Thus, for instance, 
Loew calls the color whitish in middle of October; at that time I only 
found the external surface to be so, the inner reddish-yellow. Other 
ditt'erences relate almost exclusively to the coloration of some parts of 
the body of the female (the male was unknown to Loew). Not too much 
stress should, I think, be put on those latter differences, as tlie judg^ 
ment of color depends nowadays upon subjective conceptions and on 
diverse causes. 

I have yet to add that the pup® of his Cecidomyia sccalina sent to me 
by Loew i)erfectly agree with those of our gall-gnat, w hich is again an- 
other proof of the identity of his siiecies with ours. 

§ 6. Comparison of Cecidomyia secalina Loew ‘with Cecido- 
myia destructor Say. 

In most standard zoological books we find a gall -gnat mentioned, usually 
under the name of Hessian fly (Cecidomyia destrvetor Say), which for a 
long time has caused great devastations In wheat in North America. 
The devastations were in some districts of the United States at times 
so great that the thought of giving up wheat culture was entertained.* 

waft the cu«o in Ohio, 1857 ; Jo)'ii Klippart, JalireBbericbt iiber die VerhaudluDgen der Acker- 
baugeaellHchaflezi in Olilo, 1858, Aublaud,” No. 14, 18G0. 
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Dr. Asa Fitcli has thoroughly revised what has been stated on the 
Hessian fly in various w'orks and journals, has connected the most im- 
portant facts with personal observations, and has worked up the entire 
material known about this insect in his paper, “ The Hessian lly ; its liis- 
tory, character, transformations, and habits,” in the American Journal 
of Agriculture and Science, vols. IV and V, Albany, 184(>. After sev- 
eral vain endeavors to obtain this paper, which is rare in Germany, 
from a bookseller, I finally received it from Dr. Dohrn, in Stettin. 

Loew compared his rye gall-gnat with Fitches Hessian fly, and found 
difierences partly due either to manner of life or to a knowledge of dif- 
ferent states of development in both flies, and therefore regarded them 
as different species. My examinations of our gall-gnat, whose identity 
with Loew’s C. secaUna I stated in the preceding paragra])h, enable me 
to scrutinize tin? specific differences of the author of “ Die ueue Korii- 
madc.” 

Loew says: “That the whole life-history of the Hessian fly closcl}’ 
agrees with that of our rye gall-gnat is obvious ; but it would be liasty to 
see in this accordance, which in so closely allied species cannot be ex- 
pected otherwise, a in*oof of the identity of the two species. Moreover, 
we find some trifling differences. Cecidomyia destructor almost exclu- 
sively attacks wheat only; our r^'e gall-gnat has hitherto been found on 
rye only.” 

Ill § 3, 2, 1 stated that, according to my observations, the winter gen- 
eration 111 our districts, too, besides its occurrence on barley after- 
growth, could bo found on rye only. This is explained by the cii cuni- 
stance that, as previously mentioned, the sowing of winter wheat in our 
districts is done when the swarming time of the insect is almost pjist. 
If our farmers gave up the hitherto i)ractised late sowing ^of winter 
wheat, the fly without doubt would principally choose wlicat for its 
domicil, such being actually the case in the neighboring districts of the 
Khdu Mountains, where wheat is only protected against the cold by 
earlier sowing. In America wheat is attacked by the insect mainly in 
the fall ; by the general i)ractice of early sowing, the attacks of the 
wheat-midge (CmV/owiyta triiici^ Kirby) are avoided. The fact that the 
insect infests mainly wheat everywhere under the same conditions, evi- 
dently shows a certain fondness of the fly for this cereal, on account of 
which wheat must be considered as the best adapted food-i)lant for the 
maggot. What Loew states regarding the occurrence and lite-history 
of the summer generation, he infers by analogy with the Hessian fly 
and other gall-gnats known to him, lienee it follows that at that tiim^ he 
was not yet acquainted with this second generation. I am therefore 
inclined to believe that later observations led him to the conviction 
that the sole occurrence in rye, purelj’ due to external causes, cannot 
in the least be a characteristic point by which the formation of a new 
species Avould be justified. 

Further on Loew says : “ The maggots and pupm of the Avinter gen- 
eration of G. destructor are said to occur always only just above the up- 
lier end of the root-stock ; those of the rye gall-gnat are usually some- 
what higher up.” 

From what has been said above about the domicil of the nmggots and 
the resting-place of the pupa3 in general, this alleged difference loses, 
as a matter of course, all me«gning. 

Concerning the imago, Loew says : 

Of the American (Heasian) fly, I have not yet seen any specimens; they are wanting 
in any of onr entomological inuseuni collections, nor could I lind any in private col- 
lections. As to any diliereuces between our rye gull-gpat and the Hessian fly, 1 must, 
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therefore, adhere to the illuBtrations and descriptions given by Asa Fitch. Here I 
find already a conspicuous difference iu the shape of the brown shell surrounding the 
pupa proper; its case is less cylindrical €*ind couixiarativoly broader than in our rye gall- 
gnat, also more pointed on the tapering end, while in our species it is blunt, conical. 

Special reference was made to the description and illustration of the 
Hessian fly, and I take the opportunity to tender Dr. Fitch my thanks 
for his meritorious work. Fitch’s pai)er on the Hessian fly is indisput- 
ably a highly important one, being intelligent and attractive, exhib- 
iting great learning and accuracy in this matter. Everybody, in 
l)eriising the same, must assent to this judgment regarding the disser- 
tation as a whole. Entering into the details, however, we are not always 
so fully satisfied. I may instance but one point: In our maggot, as iu 
all gall-gnats, especially in the earlier stages, wo can very plainly distin- 
guish 14 body-segments. Whoever follows the development of the mag- 
got ])ace by pace through all phases will always find 14 segments, and 
will even see in the pupa shell in the punctured transverse lines the 
formerly distinctly separated segments. Fitch counts on the maggot 
before attaining full growl h but 12, and in its later stages even only 9 
body-segments. I cannot understand how he obtained this result, even 
if he had but a closely allied form to study. Let us now return to our 
theme. 

Fitch calls the insect in that period during which it is encased (mag- 
got and piii)a) shortly “flaxseed.” This term should doubth»ssly remind 
ns of a similarity with this well-kiiowu seed. This results from a cita- 
tion by Herrick, concluding : “ In five or six weeks (varying with the 
Si^ason) the larva begins to turn brown, and soon becomes of a bright 
chestnut color, bearing some resemblance to a flax seed.” In another 
place the author’s own words are: “Though much less flat than a flax 
seed, its resemblance iu color, siz , and form, to that familiar object, is so 
striking as at once to be remarked by every one.” To what in the Amer- 
ican species does the whole similarity of the pupa case with tlu‘. flax 
seed relate! It relates only to color and size, Fitch meaning perhaps 
only its length ; the restriction of the definition “form”* by the words 
“ much less flat ” i)erfectly neutralizes and nullifies it. If we now apply 
the comparison to the shell of our gall-gnat, w’o must ack now ledge that it 
does not agree either, since the similarity of the shell to a flax seed 
relates only to color and perhaps also to hmgth. That diirerenee is 
greater : the shell is scarcely half as broad as a flax seed, never on 
either side so flattened as that, the pointed posterior end in no ease 
beaked like that end of the flax seed out of which the radicle comes 
forth in germination. From this wre see that the shell of our insect has 
neither a greater nor a lesser similarity to a flax seed, as attributed to 
the American species by the above-iuontioned two authors. 

Fitch, iu the beginning of his paper, puts the expression flax seed 
always in inverted commas. Might he not by tliis have imlicated a 
l)opular term, which he retained for the sake of easier comprehension, as 
a concession to his countrymen in his xiaper ! Finally we will also eom- 
l^are the illustrations o and n given with this description. How little do 
they agree with it, or even with flax seed I One might think the fruits 
of Carex vesicaria L. w^ere i)asted fo the wheat stalk. 

Dr. Loew says, further on : 

In tlio description of the perfect insect the anteiix|('e are said by Fitch to he sixtocn- 
Joiiited, -Nvliilc in all my spcciiuens ( $ ) of the rye gall-gnat they are oightecii-jointed. 

The description of the female given by Fitch, says in reference to the 
antennal joints^ “The an ten urn (Fig. e) are about half as long as the 
body, and composed of i(#. joints, each of a cyliudric-oval form.” But 
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soon afterwards it strikes us: “The two basal joints of each antcMina 
are globular.” The demonstration in these two points is evidently inac- 
curate^ allowing however scarcely a doubt as to the true ineaning of 
the author. If Fitch, in the first sentence, had included among the Ifi 
joints of cylindric-oval form, the basal joints, he would not have called 
them globular, else we should substitute an absurdity, which would not 
be justifiable in the case of so excellent an entomologist. But it* we un- 
derstand by the 10 joints only the 11 agellar joints, every scruple ]>asses. 
I must besides recall that the number of tlagellar joints in tlie l*<‘niales 
varies between 14 or 10; therefore had Fitch really only decided upon 
14 tlagellar joints, even this could not yet really make a specific diller- 
eiice. 

Loew says further on, in relation to differences: 

Accordin*? to Iiih doscriptioii tlio joiiils of tlio antoiina! of tlio fiMtialo arc eonnocted 
by thill pcdicolH, which arc oiic-third of the length of the joints, the last joint being 
at least onn-third longer than the pcniiltiiiiatc joint; in Ihi' foniiilo ryo gall-gnat 
the pedicels connecting the sopHrato antennal joints are so short that the joints ap- 
pear to sit imiuediatcly one upon the other, and the last joint is scarceiy longer 
than tho poniiltiiiiatc. 

A difference is here maintained due to a mistake in translating. It 
says in the description (Fitch’s) : “The joints are separated from each 
other by very short translucent filaments, having a diameter about a 
third as great as the joints themselves. The Avord “diameter” was 
wrongly translated by Dr. Loew as “ length.” I found the hist in all 
my examined specimens also longer than tho penultimate; but I take 
Fitch’s stateineiit relating to the proportion of length of the last two 
joints in the given successive meaning as an exaggeration. 

I believe now that I have sntfieiently demonstrated the untenability 
of the differences put forth by Loew between his rye gall-gnat and the 
Hessian fly. That in reality our cereal gall-giiatisideiitical with tlie Ues- 
siaii fly everybody can convince himself who is not afraid to make the 
study of natural history of tho insect for a long time a siiecial matter of 
iiupiiry, and who will compare the results obtained by thorough and ex- 
tensive observations and exaniinations, which, as I sincerely expc(;t, will 
d(»viato only in irrelevant points from those stated in this brief disserta- 
tion ri‘garding tho manner ot life and the characters of the American 
species in its various stages of growth. 

In concluding this paragraph I will not neglect to dwell upon the very 
closely related question whether the Hessian fly has been already earlier 
observed in Europe. 

Herrick iiublishcd in Sillimaii’s Journal (vol.XII, p. 454), that Dana, 
“ who, in company with him, made a thorough examination of the pecu- 
liarities of the Hessian fly,” collected in 1834, in a field of wheat, on the 
island of Minorca, larvm and piipm, from wliich latter insects issued, 
which he, assisted by a drawing of the Ilessian fly, declared to be Ce- 
cidomyia destructor. In the same year Diina found the same insect also 
at Mahon, near Toulon and Naples. Dana forwarded specimens of the 
imago and pup® from Mahon to Herrick in America, about which the 
latter says : “They arrived in safety, and after a careful examination 1 
saw no good reason to doubt the identity of this insect with the Hes- 
sian fly.” It seems to us that Herrick’s (not Fitch’s) judgment on the 
insect received from Europe is not expressed in so “ extremely uncer- 
tain” a way as Loew thinks. Acquainted with the always inevitable, 
often indistinguisbable modifications of the insect mortem^ and the 
often considerable differences of the pupa-shell of the typical form, a 
more determiued formulation of judgment could scarcely appear admis- 
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sible ; hence this circumspection well authenticates the well-educated 
thorough entomologist. 

The result of the examination conducted through the last two para- 
graphs is thus realized : our gall-gnat is none other than Lhew’s rye gall- 
guat. This is identical with the Hessian fly, with which the species from 
southern Europe agrees ; i. c., the German, South European, and North 
American species are all together nothing but Gecidomyia destructor Say. 

§ 7. Is THE NAME IIeSSIAN FLY JUSTIFIED BEFORE THE TRIBUNAL 

OF SCIENCE? 

In the various reports on the Hessian fly the j-ear 1778 or 1779 is 
usually mentioned as the first time the flies began their devastations in 
eastern North America. As a few divisions of Hessian troops in En- 
glish service (at the time of the American War of Independence) hail 
arrived during the last few years previous to 1778 on Long Island, the 
opinion that the new wheat enemy was introduced with packing straw 
of those troops, was soon circulated, and accordingly the insect was com- 
monly called ‘‘ Hessian fly.” The annually recurring tidings of the 
more and more widely extending devastations of the Hessian fly, as 
narrated by Fitch, caused Sir Joseph Banks to make investigations on 
the insect in Europe, the result of which, as reported by him, was 
“ that no such insect could be found to exist in Germany or any other 
part of Europe.” Upon this the idea that the insect was introduced by 
Hessian troops was abandoned in America, it being held exclusively to 
be an Americap 8i)ecies. But when, in 1834, as mentioned in the preced- 
ing paragraph, Dana’s discovery of the Hessian fly on the European 
shore of the Mediterranean, as well as some reports from various parts of 
Middle Europe, as to similar destructions of wheat in America, were 
made known, the original idea as to the origin of the Hessian fly started 
up anew and found especially in Dr. Fitch a very ardent ad vocate. He 
especially holds to the assertion of Colonel Morgan, who Sit John 
Temple assures us subjected the insect to close inspection, and says : 

Tho }lL*8»Laii fly was first introduced into Amorica by means of some straw, mado 
use of ill package, or otherwise, lauded on Long Island, at an early period of tht3 late 
war ; and its first appearauco was in the neighborhood of Sir William Howe’s dchark< 
ation, and at FJatbush. 

Fitch adds : 

So many circumstanccB concur to evince the truth of the account hero given by 
Col. Morgan, to its very letter, that we think no ono will hereafter hesitate to give 
it full evidence [credence]. 

But continues after this audacious decision : 

We have searched in vain for the date of tho embarkation of the Hessian troops, or 
the number of days occupied by them in crossing the ocean. It is possible they may 
all have left Europe anterior to the harvest. But in Germany, as in this country, as 
is shown by M. Kollar’s statement, the infested straw becomes broken aud tangled 
and turns yellow, early in Jiino[!]. Mad a company of soldiers needed straw for 
package, no objections would have been mado to their going into a field of this kind, 
and with a scythe, gathering what they required, weeks before tho usual time of 
harvest. , 

Aside from the very odd perception of Hessian military discipline, it 
is evident that Dr. Fitch lacked knowledge of just those historical 
facts which at all events he ought to have utilized as premises of his 
argument. Let us, therefore, look back into the history of the \var 
of that time for reliable reports on the voyage at sea of the Hes- 
sian troops. As the introduction of the insect, according to Fitch, has 
expressly been brought ix relation with that of the Hessian soldiers 
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who laTKlcd on Long Island in Angnst, 1776, wo, in the examination, 
could satisfy ourselves solely as to this transport of troops ; however, 
providing the case, that the introduction of the insect was, perhaps, ac- 
cording to other American authors, in 1777, we will also include the 
two otlier transports. The desired explanation as to these transports 
we find in the “Biographie des Generals von Ochs, herausgegelxMi von 
Leopold Freiherrn von Hohenhansen. Cassel, 1827.” Major Pfister, 
in the second volume (page 380) of the “ Zeitschrift des hessisdicn Ge- 
schichts-Vercins in 1776. Cassel, 1810,” gives a better account of the first 
transport of troops. We borrow the following from the two sources: 
The 20,000 mercenary soldiers engaged by the English ministry con- 
sisted of Hessians, Hanoverians, Brunswigians, Anspaehians, and 
Waldeckians. The Hessian corps alone amounted to 12,000 men, in 
two sections. One part of the first Hessian division marched from 
Cassel, in March, 1776, and was embarked at Ritzebiittel ; cast anclior 
on the 6th of May before Portsmouth ; landed on July 7 at Halifax, 
and at Utrecht, L. I., on August 12, at a time when the English Gen- 
eral Howe was restricted to the possession of Staten and Long Islands 
only. According to an autograph ical memorandum the other part of 
this troop-division left Bremen on April 17, arriving on Long Island at 
the same time with the others. The second Hessian division left 
Cassel in May, 1776, and landed at La Rochelle October 22. The four 
Yager battalions sent after were embarked on the Fulda, May 18, 1777 ; 
they landed at Sandy Hook September 27. The still later military 
transports, about one of which Seume, in his biography, has left us a 
humorous representation, do not concern us in this matter. On the 
average it took each of tlie above-mentioned troop-divisions about four 
months to cross, although the vessels landed nowhere, anchorcMl j)er- 
haps for a few' days at Portsmouth, the meeting place of the auxiliary 
troops. 

With these facts we will argue the growth of the insec^t with s])ecial 
reference to its food-plants, to see how' Fitch\s and his followers’ state- 
ments agree. 

Our wheat here sprouts at about Saint John’s day, and a little later 
wo notice a bending of some stalks due to the attacks of the w'orm, 
which increases with every successive day. At this time all maggots 
of our gall-gnat with few exceptions have already entered the i)seudo- 
pupa state ; the feeding has just ceased. If we now' collect some of 
the infected straw and preserve it in a proper j>lace, the growth of the 
maggots goes on in the interior of the shell; but if this gathering hap- 
pens before the maggots have entered their resting state, r. e., about 
two weeks previous, when they still feed, they soon die. From this in- 
disputably follow's that, if those Hessian troops had really used for 
l)ackiug straw infected with pseudo-pupm of our insect it could not 
have been mowed before the end of June. In a dry summer the wheat 
harvest begins here in the beginning of August; rye usually ripens a 
week before wheat does. Winter cereals mowed before harvest would, 
how'ever, require a previous drying to be used for packing. But how, 
if already in middle of May, not to say March, w hen both cereals are 
still ill a green grassy condition, could such an occurrence have hap- 
pened 7 And where could the pseudo-inipm have come from, from which 
the flies issued, which, as alleged, settled them on Long Island? 

We sec that Fitch has, to support his theory, made assumptions which 
not only disagree with the developmental history of the insect, but which 
also appear to one acquainted with the agriculture of our country as ridic- 
ulous and absurd. The difference in climato knd agriculture between 
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Hiuigary (Kollar !) and Knrliessen is far greater than we should expect 
Iroiii the geographical latitude of the two countries. The iioii cousid- 
eration of this very important condition necessarily led the American 
autlior to wrong inferences. ✓ 

We will also briefly speak of the hitherto overlooked occurrence of 
barley aftergrowth. This aftergrowth sometimes attains, late in fall, 
such a luxuriant growth and such a rapid (ievelo])meiit that we could 
fairly believe the fine, overgrown field of ears would yet mature if the cold 
were only delayed for a few weeks. The dangerous frost, however, sud- 
denly takes away this hope ; a few cold nights, and the lately so vividly 
greening barley is killed, lying flat on the soil. Under the influence of 
the spring sun it becomes brittle early in March, so that it, in pulling 
out, crumbles, and much care is needed to obtain a few entire stalks. 
It would not have been possible to use this straw for the above purpose. 

All reasonable arguments therefore hold that the packing-straw used 
by the Hessian troops was grown the year previous. Would it be pos- 
sible that the alleged introduction of the insect was thus cllectcd? We 
are enabled to answ^er this question by the exj)eriences obtained as to the 
metamorphosis of the insect. The swarming time of the summer genera- 
tion resting above the loAvest stalk-knots lasts in Hessen from the end of 
August* till the beginning of October, therefore not api)earing until the 
wheat harvest is almost over. After cutting, the broorl for the greater 
part remains in the stubbles; the number of pupie taken along with them 
is much less. In threshing, usually taking place soon after liarvesting, 
many puiim may drop off, but certainly as many remain on the straw, a 
gooii nu ruber of which may develop. W e have now to consider the renuirk- 
able circumstance of many maggots hibernating in the stubbles. This 
phenomenon I have demonstrated in sections 3 and 4 by the appearance 
of frost, since such a low temperature checks the lile-i)owcr of the mag- 
gots, killing that of the juipfe; but that also for those remainiqg on 
straw, in closed spaces, or at least roofed maggots, a transition to hiber- 
nation happens I doubt; the external force would, however, appear 
for them much later, probably always so late that all favored ones still 
mature before the a|)pearaiicc of winter. Presuming that some mag- 
gots nevertheless hibernate in a barn, and behave during the winter 
like those on the stubbles, what else could be expected but that the 
imago would come forth as in those in April or May f Applied to the 
packing-straw of those Hessian troops, ought to allow that under 
the made provisions the military corps which left in March or April could 
have used such infected straw; but the flies however would have 
emerged already before the end of the spring swarming time, therefore 
rnontiis before the lauding in America, and would have iierished, partly 
on account of their short life, partly on account of the disfavor of their 
place of birth. I will not tire the reader by still further arguing this 
matter, else it would necessitate postulations which would, even to Dr. 
Fitch, appear too venturous. He may have thouglit that liis theory is 
not applicable to the winter generation, trying it therefore with the 
summer generation ; but it can scarcely be understood how ho was led 
to such an attempt. 

I have mentioned in the preceding, through the developmental his- 
tory of the insect, all given cases which coijld serve as proper judg- 
ment of the view taken by Fitch on the origin of the Hessian fly. 
His view finds support in none of the mentioned points, being even 

*0u account of the extremely xret apd cool Aveatlior for aix weeks in Jnly and August last year the 
swarmiug time in other years will probably begin a week earlier. 
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contradictory to them. That every support is now fully removed from 
his theory of the alleged introduction of the insect by Ilessiaii soldiers 
is proved by the following circumstance : None of the earlier publica- 
tions give tidings of the occurrence of the fly in any part of Kurlies- 
seu ; a devastation of cereals is still less known whicli could in any 
way be compared with the late catastrophe. Such devastation ougid 
to have happened occasionally, at least, in some districts during a spa<*>e 
of more than eighty years. The appearance of the fly in later years is 
therefore an entirely new phenomenon. 

We have arrived at the following result: The Ilegsian fly was orig- 
inally not a Hessian fly, and therefore we innst answer the question 
put on this paragraph, whether the name “Hessian fly” is justifled 
before the tribunal of science, in the negative. I now retlirn to our gall- 
gnat the fully justified original name given to it by the first author, 
henceforth calling it reheat destroyer (destructor). 

It would not bo without interest, to sec from the wording of the state- 
ments published in America in the first years of the distribution of 
Cecidomyia destructor ^ whether the term Hessian fly was in the begin- 
ning really used without any secondary signification. 

§8.— Attempt at a new theory of the origin of the insect. 

Having definitely denied that the wheat-destroyer is indigenous in 
Kurhessen, 1 draw the reader’s attention to certain facts, which may per- 
haps throw sonic light on the origin of the insect. We know the inti- 
mate connection of stiveral phytophagous insects with their food phints. 
It is certain, for instance, that Sphinx rmHi, which even in our climate 
transforms out of doors, was acclimatized in Germany by the introdiuj- 
tion of Ncrium splendens from southern Europe. TermesflavicoUis FaVn i- 
cius becfime distributed over southern Europe and southern FraiuM?, 
liaving*beeu introduced with tropical plants. Coccus adonidum and C, 
ncrii immigrated in a similar manner into our hot-houses. In plants, 
which already in prehistoric times took possession of many districts of 
the earth favorable to them, the connection between gradual distribu- 
tion of the food-plant and of its harboring insect can either not at all 
or only indirectly be proved. The difliculty increases when the inset; t 
is not restricted to one or several food plants, but, according to (*li- 
inate and season, or in its separate stages of growth, changes with dif- 
ferent i>lanla. The wheat worm was hitherto found oidy on wheat, rye, 
and barley ; its history is inseparable fn>m that of its natural foot! 
plants ami their original home must a priori be also Us home. Where 
is the original hdme of our cereals % Their culture is as old as the history 
of civilized nations j since all over the area where civilization has taken 
root the population utilized the cereals. All results obtained by numer- 
ous arclueological and natural historical imiuiries point back in ac- 
cordance with the Bible and the traditions of ancient peoples to Asia 
as the cradle of mankind, wherefrom all culture, especially that of the 
cereals, came forth. There, in the deserts of Persia, on the shores of the 
Euphrates, &c., is where, according to authentic sources nowadays, 
wheat and barley still grow under conditions which would not accor<l with 
their artificial introduction. In those original localities of our cereals we 
may also still at the present tkne be able to find the wheat worm. Loew’s 
own experience, “that a Cecidomyia whiah in its manner of life and 
metamorphosis cannot be distinguished from C. destructor does great 
injury to the wheat crops on the south shore of Asia Minor”* favors 

*— 

* Loew, in his Monograph on gall -gnats. 
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tins asaiimption. The wheat- worm, by the way, offers perhaps the only 
anomaly among all Oecidomyidce of pupating in the larval envelope.* 
As we are not aware of any other Ceddomyia which destroys cereals 
in a manner similar to that of the wheat-worm, Loewis reputation not 
allowing the least doubt as to the correctness of that discovery, the 
assumption that the Asiatic species is identical with our wheat-worm 
gains probability. 

When Dana discovered the fly t at Mahon the natives said that the 
insect had been there from time immemorial, iind often did great damage 
both there and in Spain” [!]. This statement clearly proves that the 
wheat- worm was dfttributed from tlie Orient over southern Europe. 

When and from what shore the insect came to America can never 
bo accurately determined. Probably it was introduced several times 
and at different times. That it happened from the shore of a European 
state previously possessing colonies in North America must be ac- 
cepted. It cannot have occurred from England; when Banks reported 
its non-occurrence in all parts of Europe this may apply to England. 
Holland and Belgium we may justly omit. On the other hand, not only 
the long-existing occurrence of the insect in southern France sj^eaks 
for the introduction from the French coast to the once so extended pos- 
sessions of the French in North America, but also the comi)aratively 
short distance, which facilitated the introduction of infected straw, thus 
enabling the insect to issue after arriving. 

In view of the lively traffic of our continent, existing already centu- 
ries before the American War of Independence, with the European colo- 
nies on the west, we ought to wonder, indeed, that the insect had been 
introduced so late. We are quasi compelled to assume that the insect 
existed already some time before that war in America, and there, as 
elsewhere, had only been overlooked. The immensely numerous appear- 
ance of the insect in 1779 can only be explained by this. For a proof 
as to the presence of our insect in America long before the arrival of 
those Hessian troops we lack, however, all points of consideration. 
In Fitch we nevertheless meet with a citation which nearly ecpials 
the distrust which he himself displays in his preceding demonstration. 
It oddly sounds thus : The late Judge Hickock, of Lansingburgh, N. Y., 
in a communication to the Board of Agriculture in the year 1823, and 
I)ublished in the Memoirs (vol. ii, p. 169), says: 

A respectable and observing farmer of this town, Col. James Brookins, has informed 
me, that on his lirst hearing of the alarm on Long Islfiud, in the year 178(), (doubtless, 
1776 is intcudedp and many years before its ravages wore complained of in this part 
or the country, ho detected the same insect, upon examiiiiug the wheat growing on his 
farm in this town. 

Fitch presumes that the insect found by Colonel Brookins was some 
other one, and we will not deny the possibility of such an error. But 
we have to consider that the attacks of the insect upon the crops in 
summer are not only highly characteristic, but in their consequences so 
conspicuous that a mistake concerning the insect could happen only in 
the beginning of its first appearance in a locality. In our country, for 
instance, after but one year’s experience, every farmer knows the 
pscudo-pupm of this enemy; he knows exactly how they look, where 
they occur on the stalk, and so forth. When Colonel Brookins put 
forth the assertion, scarcely attributable ,to his patriotism, the evil 
was already so distributed in America that the “respectable, observing 


* Wlniiertz mentioDB Oecidomyia graminiecHa in his monograph, as likewise issaing from a pupa 
obterta. 

tJj'itch, 1.0. u 
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farmer” has certainly not passed the bent wheat stalks witlioiit taking 
a good look at the enemy and comparing it with the one long before 
observed! 

Fitch puts much stress on certain statements of observed devasta- 
tions of wheat and other cereals made a long time ago in Middle Europe. 
Scarcely one of these citations has with certainty special reierence to the 
wheat-worm. Baron Meininger’s report on destructions by insects oc- 
curring in the fields near Weikendorf, in Saxe-Cobiirg, do not i)oint to 
the wheat- worm, because the reporter calls the maggot “ light-green,” 
which recalls tlie character of Chloroj>s. All reports from Middle and 
North Germany published in later years on the wheat-worm agree in 
this, that the appearance of the insect is an entirely new one. In many 
districts of North Germany excellent entomologists have not even t hus 
far been able to discover a trace o^ the insect. A gradual progress of the 
insect showed itself toward the north within the few later years, sulB- 
cieiitly pointing to their southern origin. Therefore we can infer : the 
distribution of the wheat-worm can be traced back to the Orient ; thence 
the iifsect just settled on the islands and along the South European 
coast, and then was partly introduced to North America, partly and 
siK'.cessively progressed in a northward direction. 

§ 9. — Parasites. 

The wheat-worm harbors a considerable number of hynieiiopterous 
parasites, selected by nature to check its extreme multiplication. An 
accurate knowledge of the natural history of these parasites, belonging 
to the two groups Chalcididce and Proctotrupidee, is certainly necessary 
if we wish, in choosing antidotes, to be free of errors.* 

Fitch states in his paper, i)ublished fifteen years ago, his intention to 
study the history of these and other parasites of the Cecidomyidw^ and 
to prepare a special memoir.” Whether such a memoir afterwards ap- 
peared I do not know. From a sketch copied by him from Herrick^s pai)er 
there are at least four species of parasiles destroying the wheat- worm. 
One of them, a species of Platygmter^ l)ierces the eggs of the fly; of this 
three other species which presumably pierce the maggot only Ceraphron 
destructor Say is mentioned, and it is asserted that the i^iercing is done 
through the leaf-sheath, which I, however, in view of the short ovipositor, 
doubt. Herrick does not seem to have used special names for the dif- 
ferent species ; but Ceraphron destructor Say became also doubttul, since, 
as proved by Dr. Foerster in his TTymenopterological Studies (page 98), 
a great misconception as to the genus Ceraphron Jurine was caused by 
Latreille and later by Nces. 

At the time I sent to Dr. Foerster, in Aachen, a sufiicient number of 
the raised parasites, with the request to study them scientifically. 

The little tliat I learned about these parasites I will here communi- 
cate. Scarcely a day passed from begiiini iig of August till end of Septem- 
ber without receiving some i^arasites hatched. According to a super- 


* The law ninnintakably applied all througli the animal kin;;dom as to the regalation of the number 
of obnoxious animals by 8uch as persecute them, and thereby reproduce the eventually disturbed 
equilibrium, nowhere strikes our admiration mord than in insects. There is a considerable number 
among those which in various ways, by continued practice of their work of destruction, become true 
benefactors to mankind. Hut this is not enough. JBcforo in a certain case of devastation the number 
of parasites gains the upper hand over tifedevastatf)rs, as a rule a number of years pass, often for us 
accompanied by great losses. Shall we then fold our hands In our lai^s, surrender the work of dostruo- 
tiou solely to our brave friends, carelessly awaiting the catastrophe 1 Never; this would be wrong 
and ux^justillable. Man, as the dominator of the earth, was given the faculty of scrutiniKing nature 
and of finding remedies against various hindrances opposed to his endeavors' to render the earth in- 
habitable. Tlio more wo progress in the knowledge of insects, the more we stud}' their biology and 
other peculiarities, the less shall wo err in choosing remedies to Hestroy the enemy. 

3 AP B 
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ficial examiiiatiou they belong to five species, amongst which are three 
in which always but one insect issues; in the other two species, compns- 
ing the smallest species, there are always from three to five specimens 
in one shell. Those obtained from wheat stubble issued in the time 
between April 18 and May 30. Two of these are identical with those 
that had already come forth in autumn. The thirdspecies, which I several 
times found in such immense numbers in Ax)ril and May on a field of 
clover with stubble, so that one witbin a short time could have easily 
gathered several hundred specimens, is characterized by its deep black 
color. From these three, too, but one specimen comes forth from one 
Oecidomyia maggot. Where those i)arasites issuing in fall hibernate 
1 could not accurately find out ; scarcely in the stubble, because there 
I never found one of the ichneumons ; they may hibernate in the soil. 
To what the attacks of the parasites are directed, whether on eggs or 
maggots, or x)robably on both, requires to be investigated. That at 
least one or several species pierce the egg is presumed, as I repeatedly 
found pupm of the parasites already in the beginning of July in the 
gall-gnat maggots. Dissections made in the fall on numerous pseudo- 
pupm showed that 60 to 70 x)er cent, of the insects contained i)arasites. 

Though the great frequency of the i)arasites on the summer genera- 
tion was ptriking,it was not less so that the pupte gathered from barley 
aftergrowth yielded not a single parasite ; from which I infer an entire 
exemption of the actual winter generation (not to bo mistaken for those 
hibernating on stubble) from parasites. Fitch received liom young in- 
fested plants gathered in April only gall-gnats, thus corroborating my 
idea that the parasites attack only the summer generation. 

§10. — ^IlEMEDIlCS. 

The most effective remedy in checking the excessive multiplication of 
the wheat- worm has been provided by nature lierself in the aid received 
from the parasites just mentioned. Tb spare them is a very important 
thing. All considerations and restrictions offered relative to the mode 
of life of the parasites apply to the choice of the means of destroying 
the summer generation rather than the winter generation, as the latter 
does not, as I'ar as is known, harbor any parasites. 

Loew, in his memoir, has dwelt at. length on the i)riiiciples regarding 
the choice of remedies, mentioning first the direct and then the indirect 
remedies. I will also begin with the direct remedies. 

1. llemoval of the barley aftergrowth. 

I mentioned in § 3, 2 the aftergrowth produced from self-sown 
barley, and showed what an important role it plays in the natural 
history of our insect. Unequal maturation of the ears, wind, and i)oiir- 
ing rain favor the falling out of the seeds, making its appearance in 
certain years almost general, Avhile it occurs less frequently in dry, quiet 
summers ; but it will never be missed in any year. On fields with young 
clover, where the barley-droi) is protected from seed-eating (sperm- 
ophagous) animals (birds, sheep), and soon germinates, on account of the 
more persistent moisture in the soil, the aftergrowth is most striking. 
It is this young barley growth which o\ir fly visits for the purpose 
of ovipositing before the appearance of rye and wheat. The consider- 
able number of maggots, as found by me, is explained by the circum- 
stance that the swarming of the fly occurs at a time when the fields 
lack any other green croji^s. We find here the enemy on a soil which 
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greatly facilitates its attack. This fighting the fly may bo done by 
grazing, pulling out, mowing otf, and rei)lowing. The latter may bo 
preferred. To comi)lete the victory our farmers ought not to sow any 
clover in summer barley or ought to clean such clover fields from barley 
aftergrowth between October 10 and April 15. 

2. Picldng of the sprouts MUcd hy the maggots. 

Dr. Loew expressly recommends this remedy, as he himself witnessed 
its favorable results ux)on Chlorops attacking winter wheat. I can 
also add my experience. If we collect in the fore i)art of tlie winter the 
discolored, diseased sprouts, we find on examination tliat not the gall- 
gnat maggot alone was the enemy, but often more frequently larvje of 
Chlorops and other insects. By picking them out of the (lisi*ase(l s])routs 
we get lid of a good number of other enemies of our crops. Vit‘.wed 
theoretically this remedy cculainly promises good results; whether it is 
jiractical will have to be considered. To attain our purjiose. the [licking 
should not be done until when the infe(ded sprouts cjaii he recognized, 
therelbre not before the middle of Octobei* ; hut it should not he done 
Avhcn frost has already set in, as the infe(*ted ones cannot then be dis- 
tinguished from the frozen ones. The work falls into a- time which lil lie 
favors such an out-of door maniiuilation on account of the disi!gre(‘ahle 
weather. The application of this remedy is especially restricted, so that . 
one can hardly proceed on the wet sod or on frozen soil. However, I 
am convinced that a strict 8urveillane.e would pay the exiienscs incurred. 

3. The grazing of winter cro2)s by sheep. 

To realize the valueof this remedy we will first recall the condition of the 
young cereal Sjirout, and for this imrpose look at a s[)rout with hut two 
leaves. One of the latter rises vertically; the other, formed earlier, [iro- 
jectsotf at an acute angle — that is, somewhat rolled up below — showing 
here the upper i)art of a third leaf arising from the lip ol‘ the i)reviously 
formed stalk. On the non-bristled end of the cotyledon, which is di- 
rected downward, arises the primitive leaf, whicli is about one-half inch 
long, as a spatule closing in the base of the two first- named leaves. In 
unfolding this spatule we recognize usually one or several buds side by 
side, according to the fertility of the soil. Out of them the secondary 
stalks develop. The y^rotection of the primitive stalk and the stalk-bud 
must especially be considered, as their destruction renders the growth 
of the stalk iirqiossible. As long as the stalk-buds are still covered by 
the soil frost can do little harm, taking the precaution to previously 
feed the sheep, and while grazing to continually drive them about. 

The flies hibernating as maggots in stubble deposit their eggs, as ob- 
served by me, in April and May; also on spring crops when near by. 
However, such attacked crops should not be grazed, because the sheep 
would pull out many sprouts. 

The value of grazing of winter crops in spring can be demonstrated on 
a wheflt sprout which we may examine in beginning of May. The stalk- 
buds have in the previous fall pierced the soil, and have formed stalks. 
In dissecting one we find the inner leaves rolled up, within which is a 
pale elongate body, the poin^of the heart. By continual cell formation 
in the heart the prolongation of the stalk is ettected ; more and more 
leaves grow out of this heart, and finally the ear. It is a well-known 
fact that the growth of the plant is conditioned by the exchange of air 
through the leaves, and a partial removal of t^e latter will interfere with 
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tlic growth of the plant. To purposely cheek the growth of the plant 
may, iiiuler certain circumstances, be for the interest of tlie fanner. If 
in spring, owing to rich soil and favorable weather, the crops assume 
an extraordinary growth, i)ossibly causing them to lie down, the evil 
can be prevented by partial removal of their leaviis in order to check 
the growth of the idaiits to some degree. If this i)i oc(i(bire is followed 
by favorable weather the plants will soon revive, liarvest being then 
usually fair. But lesion of tbe heart of the plant is followed by worse 
consequences 5 th(‘. destruction of that part of the jdaiit so deeply affects 
the life of the plant that the deformed stalk loses the necessary power 
to fully develop the ear. We still more apiiroach our purpose if we see 
to Avhat the shee]) which we drive into the winter crojjs in spring dh'cct 
their attacks. If we have once witnessed this we have observed that 
shee]) do not content themselves only with the outer leaves of tlie 
I)lanis, but tliat they especially go after the more tender inm^ leaves. 
On tliis account grazing in spring must be injurious the more uie crops 
have advanced. In the present case, meaning to destroy a great enemy, 
it may be advisable nevertheless in some years to incur this trifling 
damage to prevent a gn^ater one. Thus we arrived at the following con- 
clusions: Pasturing with sheep is of use at the time of si)ring swarm- 
ing, ju-ovided the above-mentioned regulations are observed, and only 
on fertile soil. 

• 

4. Cutting off the to^hs of the young icheat cropping (Cropping). 

This means the clipping off of the iip])er leaves with the scythe. Caro 
is to be taken not to injure the heart of the plants. This operation is 
connected with the same conditions as the pasturing. Bich soil is here 
also required. As the scythe passes over the heart of the plants, but 
the maggots are in spring near the base of the leaves, croi)])ing will only 
destroy the eggs. As sucli it is preferred to grazing, not only on account 
of its greater success, but also because the operation can be better regu- 
lated, not being subject to the choice of the sheep. 

6. Bait. 

As demonstrated, the majority of piipje remain in the stubble after 
harvest. It is, therefore, proposed to sow, right after cutting, some fur- 
rows w ith wheat or rye, so that the issuing flies may oviposit on the 
young sprouts, facilitating afterw'ards their destruction. There can be 
no doubt as to the efficiency of such bait. If we, for instance, imagine 
su(;h bait sown around an infested farm, perhaps also surrounded with 
w oods, the flies issuing during the fall swarming would find bait all 
around in the stubble : nothing would be more presumable than that 
in the late fall a number of maggots would occur. Their destmetion 
would be of greater gain for the next harvest, since the non-ichneu- 
monized winter generation would be concerned in their destruction. 
To bring this into efl'ect in districts with small farms is, howevet, diffi- 
cult. To make this remedy very effective it would have to be done in 
concert by all farmers belonging to the district. Wherever summer 
barley is raised w^e shall hardly miss natural baits, and those are, as 
we know, just that self-sown barley. Whether this is also the case 
with rye and wheat remains to be established. For various reasons 
we may adjudge artificial baits to bo of secondary importance. 
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6. Flowing %inder^ burning^ rolling of the stubbles. 

Fitch is very inucli opposed to these remedies of destruction. Loew 
partly recommends them. The destruction of tlie pupm hidden in stub- 
bles api)ears to him in years of great frequency of tlieir ])jirasit(‘s as 
a remedy of doubtful value, while he advocates it in years when the 
latter are less numerous. All reports from America agree in that the 
tiy visits a certain district only for a number of years; then disappears, 
to reappear after a longer or shorter time. The devastations caused by 
the insect in its tirst year of appearance are but little, gradually reach- 
ing their point of culmination after three or four year’s increase. At 
the same time the parasites multiply also, not in the same degree, but in 
a ratio of geometrical progression, so that in the very same year in 
which the. flies are extremely numerous tliey become overwhelmed by 
the panndtes; hence Vmt few Hies appear in the following year. Thnt 
we in (jWrmany may make the same observations with the lly and its 
parasites cannot be doubted. (Jertain ])ractical in ferciices will be that in 
a. given year we may always know whether to bring the one oi- the other 
remedy into application or not. It requires but little consiilmation to 
see that already, with oO i)er cent, of parasites, the ])lowing under, burn- 
ing, or rolling over the stul)bles will cause a prolongation of the feeding 
cycle, therefore doing damage. We can assume with certainty in all 
cases that but few parasites occur at the beginning of a feeding e.ycle. 
The above-mentioned remedies therefore should be ai)plied. 

liolling of the crops has been done succcsssfully in America. That in 
this waj' many eggs and maggots are destroyed 1 doubt, since, the 
eggs in the furrows of the leaves are protected against the pressure of 
the roller and the maggots are situated very deep in the young sprouts. 
A good effect could only be obtained by a very heavy roller, and such 
would also damage the crops. 

For the desti uction of the spring brood Fitch proposes mowing of the 
wheat, stating an experiment made with wheat two feet high, and where- 
from it resulted that the wheat at this stage can be cut without loss 
of productiveness. I have had similar experience on rich soil, the root- 
stock soon producing new stalks not at all diminished in strength, lint 
this occurs exceptionally; the ears never attain the full size, nmiainiiig 
smaller, and iii continual drought the experiment is altogether a fail- 
ure. We therefore consider mowing off too risky for recommendation. 
Several people have reported that whole ‘‘swarms” of our gall-gnat had 
alighted on cereals for oviposition. Last fall and again this spring I 
often went on much-infested fields during swarming time at different 
hours of the day and have gathered flies her^ as well as on neighboring 
fields, but never found them gregariously accumulated ; on the contrary, 
they appeared singly. I therefore altogether doubt that it is peculiar 
to the insect to collect in swarms. Those observations on the gregarious 
appearances of our tly are either exaggerations or illusions. If our in- 
sects had really social habits it would be not out of place to catch them 
with a net. According to my own observations the catching with a net 
amounts to nothing at all. 

I will now dwell on indirect remedies. To those belongs every remedy 
which gives the plants greater resistance against their attacks, whereby 
the flies are more or less restricted. 

7. Rich soil. 

The importance of this remedy we have already recognized when 
speaking of pasturing; it becomes still more evident if we recall the de- 
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structive effect which the maggot has on the young plant. Each plant 
that has to nourish one or more maggots above the root-stock, as a rule, 
perishes. But if on rich soil, the stalk-buds will rapidly sprout stalks, 
and these will, because swarming has then usually passed, cease to be 
attacked by the same generation. But on sterile soil, where the root- 
stocks are lacking buds, cereals will produce no more stalks. All the 
more so with the summer generation. Plants grown into stout stalks on 
rich soil render such a considera-ble resistance against the attacks of 
tbe maggots that most of them will mature their ears. The sparsely 
nourished stalks of a field are easily bent, especfally in rain and wind, 
whereby also the majority of the plants spared in fall submit to the 
enemy, so that harvesting is very much reduced. 

8. Kinds of wheat yielding a siliceous stranv. ^ 

We have cultivated in this district for several years a variety of wheat 
under the name of “black wheat,” which is of robust look, with a some- 
what rough stalk. Though it is not spared by the attacks of the wheat- 
worm, it nevertheless exhibits, as I believe I have observed, more resist- 
ance than our other varieties of wheat. The considerable hardness and 
stability of its straw I ascribe to a greater amount of silicic acid (quartz) 
ia the epidermis. Experiment ought to be made in regard to the power 
of resistance in various varieties of cultivated wheat. 

9. Late solving. 

If we compare the circumstance that the swarming of the summer 
generation ends in the first third of October, with the fact that the 
maggots occur only on sprouts of early sowed fields, we at once ini'er 
that we can restrict tluj attacks of the flies by late sowing. We may 
expect with certainty, if a field is not sowed before St. MichaePs Day, 
the sparing by the insect of the crop in fall. How far this practical 
regulation bears on fiirining interests the peculiarity of climate and 
culture of various districts have to decide. Those districts will be less 
inclined to early sowing where this mast be done, because the less deeply 
rooting sprouts become regularly drawn up by frost, thus ])erishing by 
the cold of the winter. The remedy can conveniently be a])plied to sum- 
mer barley; at least we can fully protect the common barley {Hordeum 
vulgare) against the attacks of the insect; since its period of grow’th 
lasts but nine or ten weeks, the sowing even in the middle of June is 
still early enough. We willfully reach the purpose in districts threatened 
by the invasion of the fly, or where the catastrophe has already ai)- 
peared, if sowing is done within the next three w^eeks after the spring 
swarming. The first two of the above-mentioned remedies are calcu- 
lated for the winter, the two subsequent ones for the summer genera- 
tion. The value of the latter is considerably reduced hy the fact that 
the spring swarming comprises a space of five weeks. So if pastur- 
ing or cropping is done in the first week of swarming comi)aratively 
few eggs are deposited, but if done later a part of the maggots have 
already left the egg membranes, placing themselves at the base of the 
leaf-sheath; the purpose is only partly reached by both remedies. 
Eemcdy No. 5 will scarcely ever be introduced, but is recommended to 
owners of larger farms ; little has been decided as to No. C, still less as 
to No. 8 ; No^. 1, 7, and 9 are regarded as the most recoinmeiidable rem- 
edies. c 
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THE HESSIAN PLY IN SILESIA IN 1869. 


[Extract from TJntersuc1iun;;oii nebor Iristictonacliaden anf den sclilosisolien Gotreidofeldem im 
Sommer 18G9, von Trof. Dr. Eord. Cohn.*] 

The IIessian Fly. — Cccidomyia destructor. 

An examiilation of the diseased stalks fully verified the presumption 
of Mr. Moritz-Eicliliorii that it was not frost but insects that attacked 
them. All stalks with almost no excex)tions were infested with dii)ter- 
ous insects; and though several species were enguged in the work of 
destruction, yet the Hessian fly devastated the most. Its traces could 
be seen on numerous dead stalks, which remained span high (12 to 16 
centimeters), turned yellow-brown, and dried up. Other stalks de- 
veloped the two lowest knots, and grew two or three spans high ; the 
upper part ot the stalk was withered and shriveled, and surrounded 
by the likewise dried-up and blackish-yellow leaf-sheaths. Externally 
on the lower stalk-joints spots could be seen of the shape of a button- 
hole, to broad and 15'”'" to 20'"'" long, of straw-color, bounded 
by a black margin, which latter more or less distributed over the ono- 
half of the stalk-joint, the black coloration sometimes penetrating to 
the ])ith ; at times two siicli button -hole-like s]>ots occurred above each 
other. ]So trace of an animal could be found on many of the affected 
stalks; in others the spot was hollowed out, and there were, closely 
oppressed to the stalk, covered by the likewise black leaf-sheath, from 
one to four smooth, shiny, blackish -brown pupae, by their flaxseed-like 
shai)e easily recognized as those of the Hessian Fly (Geoidomyia de- 
structor). Again, in other stalks, the pup® were higher, at the base of 
tlie decayed stalk-point, above the iion-attacked, 2 to 3 inches long, low- 
est stalk-joints, covered by leaf-sheaths. The flies raised by mo came 
out from the middle of June till July 22. It happened that I still found 
ill wheat from Hundsfeld, July 19, besides the brown flaxseed-like i)up®, 
also white live maggots, together with such just transforming into pseudo- 
l)up®, the skin having turned yellowish already. The latter, as is known, 
forms a parchment- like skin within which the maggot becomes a pupa 
and then a perfect fly, with blackish wings, dark back, and blood-red 
abdomen ; the fly, therefore, leaves the empty brown shell together with 
the colorless pupa shell, pulled out of the latter. Already, June 16, 1 
observed near Lissa, in company with Mr. Hacndler, a field of wheat, 
a broad streak of which near its boundary, toward winter rye, was sim- 
ilarly attacked as just described at Hundsfeld; here, too, the Hessian 
fly was the devastator. The same was the case on wheat fields at Eo- 
gelwitz, near Mangsehutz (district Brieg), where the loss was estimated 
as five-sixths of the whole amount. From a sketch made by Lieutenant 
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Loewy June 15, it showed that a diagonal vein of attacked cereal ran 
longitudinally through the held. 

On July 12 I visited the property of Mr. Josophy, near Striegau, 
where the English wheat was supposed to have been attacked in this 
spring by wintering. The wheat, being on very rich soil, though show- 
ing a luxuriant growth, was nevertheless recognized as being attacked 
by frost, since it showed black spots, shriveled stalks which easily broke 
off from the root-stock, and also a great number of pup®. The wheat 
was sowed last fall between October 15 and 20. Director Fellinger, at 
Schwieben, had also communicated to me the fact that the fly did con- 
siderable damage near Tost, but more in rye than in wheat. 



APPEIVDIX IV 


KOEPPEN’S ACCOUNT OP THE HESSIAN FLY. 


[Extract from Die schaedlioheu luaektou llusslantla, von IT. T. Kuppi-u. St Poteraburg, 1880.* ) 

V. -DIPTEKA. 

* a, Diptera having a so-called pupa obteota. 
Cectdomyia destructor Say. 

Until but lately wo had no authentic knowlcd^jo as to the presence 
and injurious habits of.tlie Hessian lly within the limits of Russia, even 
if several reports have relerence to this or allied species. Not until the 
summer of 1879 were its ravages in the departnients of Poltawa and 
Tola verified by Professor Lindcmann in a paper in the Russian lan- 
guage. From this we infer that (Jecidomyia destructor is distributed 
over a great i)art of central and southern Russia, 

In certain districts of the department of Poltawa Lindcmann found 
the stalks of the wheat bent and lying down; at the bending occurred, 
protected by a dried-up leaf, from three to five cocoons of the Hessian 
fly. The greatest damage was done on summer wheat. Beside wheat 
Lindcmann mentions also rye ay its Ibod-plant, but principally mentions 
wheat. The amount of damage done could not be exactly stated ; it 
was considerable, however. Liiidemann himself cultivated an area of 
65 dessiatines with winter wheat, examined it, and found that two-thirds 
of the harvest was destroyed by the Hessian fly. As elsewhere, Cc- 
cidomyia destructor i)roduces also two generations in one year. The 
perfect insects appear in the first generation in the beginning of April 
from hibernated pupa?. The fertilized females, according to Lindemann, 
deposit up to 200 eggs. This number is certainly too high, and does not 
agree with reports from elsewhere, according to which the number of eggs 
deposited is at the most 80. According to Professor Ilaberlandtt a female 
deposits only 40 to 60 eggs. The larvm coming out of the latter live 
on the lower part of the stalk, covered by the lowest leaf-sheath; they 
pupate toward the en?l of May or beginning of Juno, the imago issuing 
in the second half of August. The larvie of the second generation pu- 
pate at the end of September and hibernate as such. Lindemann suc- 
ceeded in obtaining from the pupm of Cecidomyia destructor from the 
districts of Poltawa and Tola the parasite Ceraphron destructor^ Say.J 
I leave it to Lindemann as to the correct determination of the name of 
the parasite. As far as I know Ceraphron attacks the larvse of the Hes- 
sian fly, while a Platygaster lives in its pupa. 

Remark. — The reports in Russia concerning the gall-gnats allied to 
Cecidomyia destructor are for the greater part so inaccurate that the name 
of the respective species can be determined only at the outset. How 

*TTa]ifilated by Dr. C. F. Gissler. 

tHiB paper on Cecidomyia destructor in Vei haniUungender zool.-bot. Ges. in Wien, 1864, pp. 401-400, 

i Figured in A. ^Packard’s Guide to the Study of IiisoctM, p. 375. 
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fur the Cecidomyia secalina Low* differs from the Hessian fly a good 
<leal can be discussed. Nordlinger, Taschenberg, and Kaltenbach fol- 
io w Wagner, t saying that Cecidomyia secalina is identical with Cecidomyia 
destructor. I neither have Low^s nor Wagner’s paper, so that I am not 
in ])osition to verify this view, but should judge ftom the positive state- 
ment of Haberlandt that Cecidomyia destructor^ at least in Hungary, 
occurs on wheat only, and that the gall-gnat living on rye must belong to 
another species. Von Bergenstamm and P. Low question J whether 
Cecidomyia /wncsfa, described by Motschulsky, be not identical with Ceci- 
domyia secalina Loew. It is again contradicted by the circumstance that 
Cecidomyia funesta Motsch. occurs on wheat and not on rye. Very likely 
this species belongs to the subgenus Biplosisj for the following reasons : 
Motschulsky says that his Cecidomyia funesta very much resembles 0. 
verna Curtis, the latter being a Diplosis. This is also verified by the 
illustration of the gall-gnat given by him, since the second longitudinal 
vein of the ^iug terminates beloio its apex (while this in Cecidomyia 
occurs above the apex; the ditfereuce in the number of antennal joints 
in both sexes was not questioned, as the single male specimen from 
which the description was made was. without anteunm). The descrip- 
tion given by Motschulsky is so insufficient that we accordingly cannot 
even determine to which subgenus that species belongs. Specimens of 
the genus Cecidomyia^ as is well known, soon change after death, losing 
especially their characteristic colors. Not much meaning, therefore, 
has the following description by Motschulsky ; ‘‘Body of blackish-gray 
color; head and thorax a little darker; Jogs pale yellowish; wings 
slightly smoke-colored, turbid, and not transparent, but unicolorous, 
bt‘set with short hairs at the inner margin. Length, 1 English line; 
wings spread 2.J English lines.” The pupa of reddish-yellow color, 
lines long. Motschnisky describes and figures an ichneiiinonid parasitic 
on his C. funesta. It is the Flaiygaster funestus Motsch. The larvje of 
this gall-gnat arc reported to attack the wheat in the districts of Saratow 
and »Sind)irsk in the same nianuer as C. destructor. 

Erom within the Knssian frontiers there are yet several other re- 
ports of devastations of cereal gall-gnats. A Cecidomyia was observed 
during several years (0. secalina Loew?) by Zeckert in the district of 
Mohilef attacking rye. He also observeil iehneiimonids parasitizing 
them. According to Czernay, in the fall of 18o2 great numbers of 
maggots came out of Cecidomyia eggs deposited on young leaves of 
winter rye in August in the district of Charkof. Tlie maggots were so 
destructive that everything green withered. In October they trans- 
formed into brown pupm, five or more specimens of which coidd be found 
at the base of the leaf-sheaths. He adds that Cecidomyia occurs twice a 
year — in spring and fall. Professor Czernay gives the following insuf- 
ficient descrii)tion : “ Body blackish-gray ; head and thorax a little?* 
darker ; wings grayish, brown at the base, beset with short marginal 
hairs; legs Jong, blackish, 1 line long. Larva of a reddish color. 
Pupa brown, elongate, length about lines. The female deposits some 
20 or 30 eggs on the upi)er side of young rye leaves. The lai vm hatch 
on the fifteenth day. The pupa hibernates either in the soil or be- 
tween the leaf-sheaths.” 

•IT. Low, in the ZeitHchrift d. ICntom. d. schlos. Vor., 1858. 

tViilorsucli uncoil iiobor d. neiio Gotriddo^.'illinucho, I'lilda, 1101. 

I “Syuopsia Cecidomyidarum ” in Vorhandl. zoul.-bot. Oca. Wien, 1876, p. 73. 



APPi:]¥DIX V 


THE HESSIAN FLY J^OT IMPORTED FROM EUROPE. 

By D^. IL a. Hagen, Oambiudge, Mass.* 

Tlic oflicial ])iil)licatioii of Bulletin 4, “Tlie HcssiMii Fly,’’ by Dr. A. 
S. Packard, for the N. A. [U. S.] Eiitoni. Cominissioii, has induced me 
to study a|jfaiii the question of the importation of this insect by Hessian 
troops at an early ])eriod of the war. Tlie excellent inenmir by Dr. A. 
Fitch was believed to have settled this question in a final manner; 
therefore his opinion was accepted by all subseiiuent American writers. 

The best German monograph on the Hessian lly was written and 
published twenty years ago, in Hesse, by Dr. B. Wagner. He ac- 
knowledges fully the merits of Dr. A. Fitch’s monogra])li, but In^ objects 
to the historical part and the conclusions based upon it. As Dr. Wag- 
ner’s work seemed to have settled the question so thorougidy that for 
twenty years no scientist in Europe has believed in the Hessian im- 
])ortati()n, 1 was rather astonished to find in the Bulletin a reprint of 
the c!d story, without the slightest acknowledgment of their rerutation 
by Dr. Wagner. 

I have tried myself to compare as mindi as possible tlie dilVerent i)ub- 
lications quoteil by Dr. A. Fitch, and arnv(‘d at th(*se coinjlusions: 

1. That it is impossible that the lly could have been imported by the 
Hessian troops. 

U. That it is very probable that the. fly was lierti beforii the war. 

That the lly was not known to exist in Germany before 1857. 

It has been entirely overlooked that Dr. A. Fitch states himself that 
he lias been unable to lill an important desideratum, to make his proofs 
conclusive ones. He says : “ We have searched in vain for the date of 
the embarkation of the troo])s or the number of days occupied by them 
in crossing the sea.” There were indeed long Indore publisheil those 
data, but iu two works whicdi even to-day are not to be found in anj’^ 
library here.t Both these works and the oflicial manuscript report arc 
used by Dr. Wagiuii*. But there exist newer ])ublications, all easily 
accessible here, but strangely onough, appear never to have been con- 
.sulted.f 

I. — It is imjmssible that the fly could have been imported by the ITessian 

troops. 

Dr. A. Fitch arrived, after his study of the habits of the lly, to the 
conclusion “that there is but one mode and but one jnonth in the year in 

* Koprinted from tlio Ciiiindian niilomolojrist, Ortoher, 18H0. 

tThe Kiojsr^iphy of tlJodoiuTuI von Oolis, by Tj. von liohoiili.'inseii, Cassel, 1827, and F. Fflstor die 
Falii’t der ersU'ii lirsHisclirn Ileriv's riithriliinn von Porlsniontli luioli N. York: ZoitHohr. dor Veroins 
fiior lio.ssiflclio ffoacliiclife uinl Lniidtfskiimlo, J’oni. ii., Cnsscl, 1840. 

: Max von Eolkius; Dio dciit-schcn Uiiolfotnippen im Noidanu-rikanischpn TJofreiungokriogo, 1776- 
178:1, Usinnovor, 186:i, 2 vol. 

My tlio aanio aiitlior ; Tlio bioj;tr{ipliv of tTonoral Riedoaol, Loi]>zis, IS'in, 3 vol. 

Fricdricli Kapp : Dor SoldaU'iihamtol doutschcr Fuciatcn nacii Amerika, ISorlin, 1804. 

ilaiicroft’a Uistury, vol. viii., ix. ^ * 
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which this insect could probably have been conveyed to this country at 
that time, to Avit, in straw landed iii)on our coast in August.” (p. 29.) 

Everybody will .agree that Dr. Fitches reasoning is acute and to the 
point. As his monograph is known by every student, it is not necessary 
to repeat in full his conclusions (p. 8-9). But he has forgotten in hfs 
calculations that tlie pupa state of the fly has in the summer only the 
duration of two months or less, and th.at every ship for a voyage Iroin 
Europe required on an average nearly four months ; and that straw in- 
fested with these pupm, to be conveyed at this time, must have been 
takeiranterior to the harvest. Dr. Fitch tuies to explain this in a queer 
way : Had a company of soldiers needed straw for package, no objec- 
tion would have been made to their going in a held (infested by the fly) 
and with a scythe gathering what they required weeks before the usual 
time of the harvest.” Dr. W agiier is rather mortified by this funny con- 
ception of the military discipline of the Hessian troo])s. But the sup- 
position is more iintenable as the sending of the troops was rather 
unpopular; tlieir passage was objected to by several ])arties, and they 
had to make long and various circuits, and to conduct themselves in a 
very cautious manner. Furtlier, the minute oflicial reports would have 
preserved details of such entirely unusual events. The first division of 
the Hessian troops was rc^ady to depart in tlie middle of Februar^'^, 177(>. 
The troops were ordered to march from Cassel througli Hanover to 
Bremen. As the Bi itish transport ships had not yet aiTive<l at Bremeu* 
haven, the troops returned to Hesse, and startiMl again February 29. 
tn passing Bremen March 10, every regiment had to bc‘. trans])orted on 
seventy wagons, bec.aiise the wdtole country was inundated by the 
rivers Weser and Wuinme. The small number of wagons shows that 
the baggage could not have been very large. The troops arrived March 
21st to 22nd at Bremenhaven, and Aver4‘, embarked from March 28r(l to 
April 15th, as the transport ships arrived only slowly. 1'he fleet started 
April 17th, arrived in Spithead zVpril 28tlj, left May 0th, and arrived 
August 17th iit Sandy Hook. Some ships (after Dr. Wagner’s state- 
ment) seem to have reached Halifax July 7th, and Utrecht, off Long 
Island, August 12th. Several transport ships left Bremenhaven April 
21st, and Portsmouth May 1 2th, but arrived at the same time with the 
others at Sandy Hook. 

The accommodations for the troops on the ships were all furnished by 
England. ‘^The bedding,” says Bancroft, “was infamous scanty; their 
pillows 7 by 5 inches, small mattresses and woolen blankets, hardly to- 
gether weighing seven pounds.” Every six men slept together, in a 
partition 5 feet long and G feet broad. When the men were tired lying 
on one side they had all to turn at the same time to the other side. 
How if it had been i)ossible that the bedding contained infested straw, 
everybody will agree that its use for three months and ahalf by soldiers 
placed so uncomfortably is more than the most persistent Hessian fly 
would bo able to stand. The idea that camp straw had been conveyed 
by the trans])ort sliips is of course imiiossible, Avheii all necessary accom- 
modations had been more than shortened. 

The division Avas ordered, August 19th, from Staten Island to Long 
Island, and arrived August 22iid at Flatbush. The oflicial rcconls state 
that only the tents and the baggage were transported on very small and 
odd looking wagons, each Avitli only two small horses. Here again the 
supposition that camp straw had been transported is entirely improbable, 
the more as it is stated that “ the troops found Long Island well pro- 
Auded Avith e\%'y thing, even to a certain degree of comfort and luxury.” 

These troops left Hesse in February, and Spithead in May, also long 
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before sjraw could liave been made, and could not have imported the fly. 
These are the very troops Dr. Asa Filch speaks of tciih confidence as im- 
porters of the Hessian fly. • 

Tlie second division of the Hessian troops left Oassel in May, 1776, 
Hrernenhaven June 8rd, arrived at Spithead June 2()th, sailed together 
with the Waldck troops July 20th, and arrived October 21st at New 
.Hochelle, Long Island. Tlie date of their arrival alone proves that the 
importation of the fiy by them was impossible. 

All other German troops disi)atchcd in 1776 were landed in Quebec. 
The Braunschweig troops left February 22n(l, arrived at Stade IMareh 
Jth and at rortsmoutli March 20th. The llanau troops left March 15th, 
and were embarked March 26th at Nimwegen. Both troops together 
sailed from Portsmouth April 7th, and arrived June 1st at Quebec. Of 
course its imiiortatioii by these troojis is out of the qii(‘stion. 

During the year 1777 the following German troops wen», sent to 
America: From Hessen Cassel, Avhich left March 2nd, were shipped on 
the Fulda May 18th, embarked May 25th at Breiium haven’, and arrived 
Sei>teinber 27th at Sandy Hook. From Hessen llanau, which started 
March 7th and 81st for Dordrecht; from Braunschweig, which arrived 
Marcli 12tli at Stade; from Anspach Bayreutli, which left Fidiruary 
2()th, and were euibarked March 80th at Dordrecht. All left Ports- 
mouth togetlier Ajiril 7th, and iaiided June 3rd at Staten Island, and 
were ordered June 1 1 ih to Amboy, N. J. Comparing the dates of their 
arrivtal, an imiiortation of the fly by those troops is im])ossible. 

The data for tlie following years are without importance, as the fly 
ajipeared in fall of 1778 in New York. But it may be stated that dur- 
ing 1778 the troops from Hessen and Bayreuth arrived. Sept. 25th, also 
too late to import Ihe fly. 

All troops troni 1779 to 1782 landed in Quebec or in Halifax. Only 
in 1780 troops embarked AuguSt 15th arrived October 17th in New York. 

I think in comparing all these data, everybody will agree that the fly 
could not have been imported by those troops. TJiere has doubtless 
been too much patriotic impulse and indignation in e vailing in accept- 
ing without any real criticism these old traditions. Patriotic motives 
are the worst guides in scientific questions. 

II. It is very prohahle that ihe fly was here before the war. 

1 regret thatl am not acquainted with the older American literature, 
and 1 have no means to get at it. Therefore I know only one statement, 
quoted by Dr. A. Fitch, which seems to Dr. Wagner and myself to prove 
that the Hessian fly had existed here before the arrival of the Hessian 
troops. The statement (I have seen the original communication) says : 
“ A respectable and observing farmer of tliis town (Henselaer, N. Y.), 
Col. James Brookins, has informed me that on his first hearing of 
the alarm on Long Island in the year 1786 (Fitch says doubtless 1776 is 
intended), and many years before its ravages were complained of in this 
part of the country, he detected the same insect upon examining the 
wheat growing in his town. These factsprove pretty satisfactorily that 
the Hessian fly or wheat insect is indigenous in this country.” 

Dr. Fitch rejects the testimony with some sarcastic phrases, and 
adds : The strong probaljility is that it was some other insect which 
was found by Col. Brookins.” I don’t sec how such testimony can be 
rejected. There is no need to doubt that a respectable and observing 
farmer would recognize the devastations done by the Hessian fly. 
Every one, even the most uiiobserving miyi, having seen once such a 
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devastated field, will recognize and remember the fact. Moreover, 
there has not existed, nor does there exist now in the U. S., acitordiiig 
to i>|r. Fitches oxen writings^ an insect which produces similar ravages. 

Dr. Fitch makes similar objections to the statement of Mr. Mitchell 
that the fly had api^eared on Long Island in 1776, before the arrival of 
the troops. Ho says the devastations were conspicuous and liable to 
attract attention, and leaves us in the dark when Col. Morgan states 
that in ,1778 the fly made its first appearance, and directly after that Mr. 
Clark states that the fly made its first appearance in 1779, so that at 
least one of them must have been mistaken. 

HI. The fly xeas not Jenown to exist in Germany before 1857. 

The fly must have existed in Europe and in Germany before it could 
have been imported with the troops. Dr. Fitch tries to settle this most 
important question by the following statements : 

Mr. Duhamel, in Monceaii (I have compared tlie original), says that 
‘‘ a number of white worms have been found on the wheat near Geneva, 
in 1755, which after a time turn to a chestnut color; they place tlieni- 
selves betwixt the leaves and gnaw the sialic ; they are commonly found 
betwixt the first joint and the root; these animals appeared about the 
middle of A/ny.” 

It is rather strange that just this passages has been quoted and always 
reprinted. Mr. Duhaincl says plainly, “ The larva gnaws the slalk/^ 
Now Dr. A. Fitch says (i). 33), “ The larva of the Hessian fly lives upon 
the sap ; it does not gnaw the stalk And Dr. Packard says (p. 15), 
“ Their soft and fleshy iindevelox)ed mouth i)arts do not enable them lo 
gnaw the surface of the idant.” 

The fact that the stalk was gnawe<l shows evidently that the insoirt 
was not the Hessian fly, but a species of Oscinis; the larvte of some 
species of viiicli would gnaw the stalk-*-or iierhaps Opomyza florum. 
The pupa of those species is also brown and appears above the root 
between the leaves and the stalk, and the imago appears just as Duhamel 
states, in the middle of A/ay, one month later than the Hessian tly. 
Prof. J. Kuehne remarks that the eflects produced ux)on the plants l)y 
Opomyza are similar to those of the Hessian ily. 

Therefore the quotation of Duhamel is entirely out of xdace, and this 
is, by the way, the only one by which the existence of the Ily in Europe 
before the war has been corroborated. I have gone tlirough the litera- 
ture from 1770 to 1804, without finding any statement of similar devasta 
tions of wheat, for Germany, for France, and for Sx^ain. Tlune exist a 
number of books where such a calamity in France would have been 
noted if it had existed. 

I have not been able to consult the long and detailed report of Sir 
Joseph Hanks to the Hritish Government. An extract given by Kirl)y 
and Si)encc shows that the fly did not exist in England in 1788, and 
that nowhere on the continent its existence or similar devastations were 
known. 

In 1834, Prof. Kollar, of Vienna, in his treatise on injurious insects, 
published an account on some devastations done by the Hessian fly — he 
has first in Europe used this name for a European species — in Alten- 
bnrg, Hungary, and in Weikendorff, 17 miles from Pressburg, an estatti 
belonging to the Prince of Sachs<m-Ooburg. Dr. A. Pitch cpiotes both as 
“ Saxe Altenburg and Saxe Coburg, about a hundred miles distant from 
Hesse Cassel.” It is a strange geograi)hical mistake,” says Dr. Tli. 
W. Harris (Gorresp. j). 189), “ to transport those localities to Saxc-i, 
whereof Altenburg is 400 miles distant, and JVeikendorff near the bor- 
der of Hungary, about 375 miles distant.” Nevertheless Dr. Packard 
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reprints tli^ stningo mistake made by Dr. A. Fitch, as the onlif 
proof for the existence of the insect in a district not tar distant froiii 
Cassel. • 

The careful study of Prof. Kolhir’s rei)ort makes it very doubtful if 
his insect is the Hessian fly. He describes the larva as |>aie {?reeu with 
a small black dot above, which does not at all agree with the Hessian 
fly, but very well with the larva of a Ghlorops. lie stales having 
reared but onefly^ but he describes both sexes. His description is siin])ly 
a translation of those of TIi. Say, and not a correct one, as ho transla tes 
several times fulvous for golden. 

I have never seen the dissertation on the same calamity by Dr. Ham- 
merschinidt, Vienna. It is iirintod in a small number for private cir- 
culation. Prof. J. O. Westwood having received specimens of the pujia 
.n the sraw, doubts if it is the Hessian fly. Perhaps the strictures on 
his report by Dr. A. Fitch (p. 8) are correct, as they have never been 
refuted by Prof. Westwoocl. Ihit it is to be remarked that C. de- 
structor is not the only species of the genus having a coariitate jiiipa. 
Dr. Fitch (x). 40) has detected one on Af/rostis hiterijforaj and Mr. Win- 
nertz states the same for 0. yrambiicola from Europe. 

All European works on the Hessian fly ])nb]islied after 1857 agree 
that it was then an entirely new ])est, never seen before and unknown 
to allprominentdij)terologists — Wiedemann, Meigcn, Zetterst edt, Loew, 
Bremi, all monographers of this genus, and Schiner. The species was 
represented in no collection, and apparently not in the Vienna Museum, 
as Mr. Schiner, 18C4, cpiotcs as localities tor Europe only tliose given 
by Mr. Dana. Ne,vertheless I am obliged to state that thirty years 
later, after Mr. iraberlandt, the Hessian fly, C. secaUna, has been ob- 
served in the same parts of Hungary. 

The only sure statement of the existence of the Hessian fly in Europe 
is its discovery by Mr. J. Danaln 1884, at Mahon, Toulon, and Na|)les. 
The identity of this insect with the American species is to be acceptc‘(l 
on Th. W. HarrMs authority. There was never a better authority,* and 
scarcely one who has better known the insect. He has given his con- 
viction of their identity in the most unequivocal terms. The statement 
that the insect had been in Minorca from time immemorial, and often 
done great damage both there and in Spain, is very interesting, but not 
to be accepted as certain before having been corroborabHl by reliable 
reports. I am not able to compare the old Spanish literature, but I 
think it should be done. 

The existence of the fly in Asia Minor, near the shore, is probable 
from tlic discovery made by Professor Loew of the larva and X)upa on 
the straw in 1842, and later recognized by him as identical with his 6\ 
secalina. 

Mr. V. von Motschulsky describes in 1852 a fly very obnoxious to the 
wheat in the governments of Saraton and Simbirek, in Itusland, as C. 
funcsta^ together with its parasites. I may lidd that von Motscfliulsky, 
after his return from America, and having recei\'ed typical sxjecimeiis 
of the Hessian fly and its parasites from Dr. A. Fitch, has assured me 
that G.funesta and G. are the same species. This is also ac- 

cepted in von Osten-ISacken^s catalogue. Mr. Kocppcui, in his excellent 
work just published On Injurious Insects in Eusland,” states that 
since tliat time nothing has-been known about the fly in those parts of 
llusland. “ Before 1879,’^ says Koeppen, “ we had no reliable report 
about the existence of the Hessian fly in KuslamL which was discov- 
ered in Poltowa and Sula by Mr. Lindcinanii in the summer of 1879, 
together with its parasitesji^ , 

In 1857 and 1858 the rye was extensively damaged in Silesia,. 
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Posen, and Prussia. Prof. Loow, at the time the leading dipterologist 
studied the insect, and declared it to be very similar to the Hessian 
fly, •but probably a new species named by liim C. secalina. He had 
never seen the American species, and had to rely on Dr. A. Fitches de- 
scrii)tion, wliicjh did not fully agree with secalina. In 1859 the same 
insect was very obnoxious to the rye in Eastern Prussia, and Avas studied 
by myself. In 1800 it had advanced Avestward to Angiisburg, where it 
Avas studied by Prof. Eosenhaiier, and to Fulda, Hesse. EA^ery where 
it Avas considered to be an entirely new post, noAw seen or observed 
before. In Hesse the fly Avas studied by i)r. 15. Wagner, and his mono- 
graph is perhaps the most satisfactory existing in Germany, though it 
seems to be entirely uiiknoAvn here. The fly destroyed in Hesse wheat, 
l ye, and barley. 1 am not able to say Avhether the insect did advance 
farth(*r Avest. In the following years the calamity subsided, and was 
soon nearly forgotten. Extensive destructions in Hungary in 1864 are 
reported by Mr. Haberlandt and Kuenstler, and in 1879 in Euslaiid. I 
find no statements of injury done by the fly in Germany after 1860, and 
the reports for Bohemia for 1872 and 1879 state directly that the fly 
Avas not obsei’A^ed. Dr. Schiner, in Vienna, had till 1864 seen no speci- 
men; the best proof that it had not been obnoxious in Austria. 

Dr. Wagner was the first to acknoAvledge the identity of 6\ secalina 
and the Hessian fly. In observing the manner of life and the time of 
swarming of the fly in Hesse, and comparing both Avith the time of the 
departure and the ai’riA'al of the Hessian troops, Dr. Wagner conies to 
the conclusion that the importation of the fly by those troojis is strictly 
imiiossible. 

if Ave consider the jiositive evidence of the existence of the Hessi.au 
fly in Europe, Ave find that betAATcn 1880 and 1840 it ocenrred in four 
localities on the northern shore of the Mediterranean. It appe.ared in 
1850 more to the north in southern l^usland, and advanced strictly 
westward through Germany till 1860 as a A^ery obnoxious pest. After 
all llhink it would be hardly more difficult to accept and to prove that 
the fly was introduced by the energetic trade Avith the Mediterranean 
from America, and became obnoxious only after acclimatization, as to ac- 
cept the introduction into America from Europe. It is difficult to sup- 
jiose that the fly had been oa erlooked by sucli a number of prominent 
entomologists as those named. Dr. Wagner ac(iepts as a fact that the 
fly was imported from Asia to Europe and from Eiii*opo to America. 
The same sup])osition Avas made long ago by T. W. Harris, because the 
fly is connected Avith the cereal grasses, and therefore their original home 
Avas presumed to be the same Avith those plants. Against this conclu- 
sion I have to make two objections. First, the fatherland of these plants 
is unknown. That they live still Avild in Persia, as^Dr. Wagner sup- 
])oscs, is not proved at all. Buffon also remarks that our cereals are not 
known to grow wild anyAvhore, and later statements luiA^e always been 
jnoved to be unfounded. The fly is not found till now in the Orient. 
Second, it is not true that such an obnoxious insect is strictly limited to 
some few species of i^hants. The potato bug has given abundant evi- 
<lence that an insect not obnoxious before may become so by finding a 
related plant better suited to its taste. Dr. A. Fitch (Rep. 11., p. 297) 
• Avell says, in speaking of some wheat and barley flics : ‘‘As these flics 
ai)pear to be native species, it is probable that before wheat was culti- 
A ated upon this continent they sustained themselves upon some of our 
wild grasses. Their numbers must therefore have been very limited at 
that period. But when wheat Avas introduced and became extensively 
cultivated, it gave them sreh an ample supply of most palatable nour- 
ishment that they haA’^e gradually increased, and are now excessively 
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numerous, laying every wheat- field under contribution for their support/^ 
is It not obvious that the same course may have happened with the Hes- 
sian fly? The more so since just at the time of its appearance in Long 
Island and the adjoining country the culture of wheat was prominently 
advanced. Since we know that at the utmost during six weeks in the 
year only is the importation of the fly possible, such an importation to 
America before the discovery of steamships is almost inconceivable. 
Even if purposely undertaken with all care, such an importation would 
almost surely have been a failure. 

Dr. Wagner has felt the strength of those arguments, and suxiposes 
that iinx)ortatiou had been imSsible only from the nearest coast of France. 
He believes that the lesser distance, as well as the frequent trade with 
France, makes it more probable. But why not accept that the tly was 
indigenous here as well as in the Old World ? There are Diptera identi- 
cal with European siiecies which nobody would think to have been im- 
ported. I may mention the common Tnchocera regelatiouls, which be- 
longs to a related grouj). The sxicciea is common here, and was ob- 
served by ine 13 years ago. But last winter I had specimens sent 
me from Maine, stating that this insect had never been seen tliere be- 
fore, and had been extremely troublesome. I know well that many 
animals — higher and lower ones — have been imported, because the facts 
are well recorded ; I believe that a number of others have also been im- 
ported for which the facts are not recorded. But I see no reason to go 
farther, and am prepared to accept that the saim^ si>ecios in both coun- 
tries may have been dcjveloped under similar conditions. I consider, 
therefore, the Hessian fly to be an indigenous American insect, and not 
imported by Hessian troops. 

A few words more concerning the periods of unusual abundance, of 
the fly. I was very much interested in the study of the table given by 
Dr. Packard, but I arrived at tile conclusion that the table is not siifli- 
cient, and indeed is considered by Dr. Packard himself as very iiqper- 
fect. Concerning New England Dr. A. Fitch’s statement has been o'ver- 
looked, Regs., viii., j). 203, that the fly was very injurious in Berks Co., 
Mass., in 1779. 

The year 1823 for Maine and 1837 for Ohio, are not marked at all in 
the table, and both the records state that the farmers had ventilated 
earnestly the question to give iij) entirely the cultivation of wheat. The 
only conclusion to be made by the table would be that with an intermis- 
sion of thirty to forty years a iieriod of superabundance follows. Per- 
hax)S a careful study of the old recor<ls from 1748 to 1759 would give 
some evidjLUice if the fly has ever been obnoxious here before the war. 
It is a curious fact that such an intermission of the iftq^earance of the 
Hepian tly has occurred just in that quarter of the century during 
which the most aMent collector and student of the N. American Dij)- 
tera — I may say the tounder of the American Dii)terology — was here. 
In fact, Baron von Osten Sacken has never met here with this Hessian 
fly, which is not rei)resented in his collection nor in Prof. I^oew’s, both 
now in the Museum in Cambridge. 

Note. — As the paper was going through the press I received two 
pairs of C. destructor from Prof. J. A. Cook, the first American speci- 
mens which have come to ray hands. In comi)aring these with two 
pairs of 0. secalina from Pr^^ssia and Hesse, I was astonished to find 
the American insects twice as large as the European ones, aiul almost 
entirely black. I think they look so difl'erent that the identity is per- 
haps not sure. But a larger series from both countries and a more 
detailed knowledge of Diiitera than are my command would be 
needed to decide the question. 

4 AP E 
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ME. JOHN MAETEN’S EEPOET ON THE EOCKY MOUNTAIN 

LOCUST IN 1880. 

Dr. Cyrus Thomas, 

Of the United States Entomological Commission : 

Sir : I have tlie honor to report that in obedience to your instructions 
I have visited i)crsonally portions of southern Minnesota, central and 
northern Dakota, and eastern Montana for the puipose of gathering 
information in reference to the locusts. 

My investigations under j our letter of instructions were confined to 
July and August, 1880. 

Leaving Carbondale, 111., July 5, 1 passed up the Illinois Central Eail 
road to Chicago, and from there to Saint Paul, Minn., over the Chicago 
and Noi thwestern Eailway, wlierc I stopped one day. From Saint Paul 
I went to Willmar, Minn., on the Saint Paul, Minneapolis and Manitoba 
Eailway, where I arrived during the afternoon of the 9th instant. 

I could not discover by inquiry that any damage had been done by 
locusts along the line of the railroad, but 1 saw a few of them at stations 
where the train stopped. 

At Willmar I learned that in August and September, 187G, swarms 
of locusts came from the west and northwest and deposited eggs in 
large quantities, iireferably in sunny spots nearly or quite clear of vege- 
tation, though large numbers were jdaccd in ’the open prairie among 
the grass. These eggs hatched during the latter part of May and in 
June, 1877, the young locusts stripping the fields of almost every 
green thing in some places, causing many farmers to take advantage of 
the offer of seed made by tlie Governor of the State. In June and July 
the locusts departed in swarms, going towards the south and southeast. 
The crops most damaged by the young locusts Avere the wheat, oats, 
and other small grains; gardens were also damaged A^ery extensively. 

I could learn of no damage done by locusts in this Aue,inity during 
either the past or present years, and many aA^erred that there were none 
of the pests in the country, though 1 captured several specimens in fields 
near the town. 

In examining a field of rye, many of the stalks, perhaps one-tenth of 
those on the side of the field where I w^as, were perforated bj’ some in- 
sect from two to four inches aboA^e the second joint from the head. The 
]»erforatious had much the appearance of those made by the subgeiius 
Chlorops of the tAvo- winged flies. Above the perforations the stalks Avere 
<!ry and the heads only chaff. 

My next stopping-])lace Avas Glyndon, Minn., where I remcained only 
long enough to take the first train AA^estward. Along the railroad from 
Willmar I captured scA^eral specimens of C. spretns, but could not learn 
of any raA'ages committed by them at any fime during the past year. 

From Glyndon I Avent to JamestOAAu, Dak., arriving there Saturday, 
July 10, having learned nothing along the route of damages committed 
daring the two years just jiast. 

m 
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For information and assistance while in Jamestown I am indebted 
principally to Mr. A. W. Kelley, the po.'^tinaster. 

Ijocusts first visited this section, to his knowledge, in 1800, at Fort 
Totten, some eighty miles north of Jamestown, he having previously, in 
1804, seen them at the old Yellow Medicine Agency. During every year 
Iroin 1809 to 1870, inclusive, locusts occurred in greater or less nnili hers, 
and eggs were deposited at various i>laees along the valley of the James 
Kiver. The locusts in depositing their eggs generally selected a sandy, 
rather com]>act soil, choosing the low ground next the river rather than 
the more elevated prairie, even where the higher grounil was but a short 
distance from the river. 

Of the swarms stopping Jiere the greater number came from the north, 
some coming from the northwest. They departed towards the south, 
southeast, and the southwest, though iii 1870 and once previously they 
were noticed flying toward the northwest. 

In July, 1879, they were flying over Jamestown toward the southeast. 
Among the things attacked by them were wheat and all other grains, 
onions, cabbage, imtatoes, &c. Tomatoes were among the last things 
eaten, while pease escaped almost entirely. In 1879, .Inne, just across 
the river from Jamestown, about one acre of beans were destroyc‘d by 
young locusts that had hatched in that place. This is the only instance 
of note in which the young locusts have appeared in any considerable 
numbers and have done damage during the past two years in this por- 
tion of the James Valley. The swarm was so small that it departed uu- 
noticed. 

My collection taken here inclnde<l numerous specimens of (7, spretm 
and other grasshoppers; lepidoptera, neuroidera, diptera and coleo- 
])tera were also taken in limited inind)ers. The lepidoptera were abun- 
dant along tbe river, but were cpinparatively poor iu number of species. 

While at Jaincstowii a rumor was in circulation that locusts had at- 
tacked Steele’s farm, about 00 miles west of there, and were destroying 
tlie wheat, but upon arrival there 1 found it was a false alarm, and 
though the locusts were rather plentiful they were not doing clamag^e 
enough to be noticed, and none had been seen moving in swarms. 

July 13. — I arrived in Bismarck late in the evening. On tbe 14th I 
learned that no locusts had been seen iu that vicinity, and no damage 
had been reported by farmers during the last and the present years. 
An bpportuiiity being ottered I crossed the Missouri Hiver to Fort A. 
Ijincoln, about 5 miles below Bismarck, and did some collecting in that 
vicinity. On both sides of the river I found the grasshoppers, espe- 
cially C. most numerous on the ])rairie back from the river, while 

le])idoptera, iieuroptera and diptera were most numerous ou the low 
grounds near the ^jiver. 

July 15. — I took i)assage on a Missouri River steamboat for Fort Peck 
Indian Agency, Montana. Daring the day we stopped at three wood- 
yards, at each of which 1 cai)tured a few specimens of C. spretuH, 

July 16. — The steamer wooded once to-day. I did not go asliore on 
account of the great numbers of mosquitoes. 

July 17. — I saw” hnmsts iu small luiiiibers attw’o wood-yards to-day. 

July 18. — ^Passed Fort Buford, but did not go ashore, as the boat did 
not stop long enough to permit it. However, 1 learned that the locusts 
were not troubling them this year. 

July 19.— The steamer wooded once to-day. I did not see any locusts 
at the wood-yard, probably because of the dense underbrush. Arrived 
at Fort Peck Agency, or Poplar River, at 10.30 o’clock a. in. 

While ill conversation with Sergeant BraiiAird of the Second Cavalry, 
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of Fort Assiimiboine, Montana, be stated thattbey bad not been troubled 
since the post was located, within the past year, but in previous years 
while campaigning over that country he had found them very thick 
during the months of July and August in the Bear Paw Mountains and 
dn the elevated idateau circling from the mountains northwestward into 
Canada. 

For favors received while at Fort Peck Agency I am indebted to 
Major Porter, the Government agent, and Rev. G. W. Wood. 

Major Porter reports no damage done by locusts between this place 
and Woody Mountain, Canada, about 80 miles distant to the north. Ko 
swarms have been seen passing over this year. At Deer Tails, 6 miles 
below, on the river, the crops were in excellent condition, locusts had 
not been noticed, and I found fewer of them than at the agency on 
Poplar River. 

At Wolf’s Point, 25 miles up the Missouri River, Mr. Smith, the sub- 
agent, reported that no locusts had been there, nor had any down over 
during the past two years or since he had been stationed there. 

Dr. J. Woodbridge, who has paid a great deal of attention to the nat- 
ural history of the animals of this section of the country, stated that he 
had ridden a distance of 30 miles into the Bad Lands, on the o])posite side 
of the Missouri River, without seeing any of the destructive locusts. 

Mr. Harry Snell and Mr. J. Williams report having seen locusts hatch- 
ing in immense numbers in 1876 and 1877 in the Yellowstone Yallcy, but 
not many in the past tw o years. 

The agency interpreter stated that he had frequently during the past 
twenty-nine years passed by what is now Fort Peck Indian Agency, 
and four years ago he began raising crops there, and in all that time 
he had not seen locusts in sufticient numbers to be troublesome there. 

In 1878 they w ere seen Hying over th^s place, going toward the south- 
east. Between here and Fort Buford they have never been known ,to 
hatch, by any person whom I have met, but they have been seen almost 
every year Hying over that part of the territory. 

Of the collection made here, the principal part was grasshoppers, 
among which C. fiprtiuH was quite prominent. Lepidoptera were next. 
Of this order the genera and species represented were few, although 
there was an abundance of most of the species taken. Diptera, neu- 
roptera and coleoptera were taken in small numbers. Here, as in other 
places visited, the ortlioi)tera w ere most abundant on the higher grdUnd 
back from the river, while the greater part of the other insects taken 
were found along the Poplar River bottom. 

It is only within the last two or three years that crops have been 
raised at this agency. Scarcely any one was to be found w ho could give 
definite information concerning the locusts. 

Returning from Fort Peck Agency to Bismarck, where I arrived Au- 
gust 2, I learned they arrived here August 4, 1878, and remained four 
days, depositing eggs over a si)ace about 10 miles long from east to w est 
and from 2 to 3 miles wide from north to south. Alter depositing the 
eggs they flew towards the southejist. About the middle of August, 
1877, the locusts stopped near Bismarck, but did not do much damage. 
They were seen eating the wild sunflower, which w^as thought to be an 
unusual article of food for them. 

August 3 1 was in Maudan, Dak., and iwn indebted to Mr. M. Lang 
for information received there. 

In the latter part of June, 1879, locusts were seen flying toward the 
southeast. Eggs have been deposited every year from 1873 to 1879 
along the low er part of the Heart River Valley in quantities to cause 
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serious apprehensions of danger had there been crops for the locusts to 
attack. The eggs were generally placeil in low ground, rather compact 
and sandy. The young locusts soon after hatching seemed to be more 
numerous on the higher ground than on the lower, which was a tact 
Mr. Lang could not account for, unless they migrated from the low 
ground. In August, 1878, the wheat crop and garden of a Mr. Fox, 
near Mandan, was almost entirely destroyed by old locusts. And in 
the latter part of May, 1871), locusts began hatching on the farm of 
Mr. (Uark, 2 miles from Mandan, in the Heart Fiver Yalley, and when 
their wings were fully grown they Hew to the southeast. They were 
not in sutlicient numbers to destroy the growing crops, but injured it 
severely in idaces. 

From Mandan to the end of the Northern Pacific Ilailroad, G. spretus 
was found at every stopping place in small numbers. No crops were 
seen for them to feast upon after leaving the Heart Eiver, some 3 or 4 
miles from Mandan. 

At Green Fiver, the end of the track, I could find no one who could 
give me any definite information about locusts in that vicinity. ]Mr. 
“Gus’^ Plumer reported that at his rancho, 30 miles beyond the end of 
the track, the locusts destroyed his garden in 1878, and in August of that 
year they deposite<l large numbers of eggs that hatched theliext May 
and June (1870). Fut not enough of the eggs hatched to cause him any 
annoyance. Mr. Plumer could not account for so many of the eggs 
failing to hatch. The locusts that dew over his ranche in 1878 were 
going nearly south. 

Avgust 7. — Left Bismarck in a wagon going overland to Huron, Dak., 
about 350 miles distant. The drst two days wo followed the course of 
the Missouri Fiver, o<?casionally going upon the (Mige of the Coteau of 
the IMissouri. About 10.30 o’plock of the morning of the 7th 1 saw 
locusts dying a little east of south, almost following the course of the 
river at that place. They were very high, but not very thick. About 
3.30 p. in. the clouds obscured the suii ami I saw no more locusts. 

Avgust 8. — Locusts were dying at 11 o’clock this morning, thicker than 
yesterday, but at a lower elevation. They were going in the same di- 
rection, cast of south, with the wiml, which was lilowing a stiff breeze. 
During the day I saw numbers of locusts rising from the Coteau and 
by rapidly enlarging irregular circles or spirals join the moving swarms 
above. Sometimes they rose so numerously as to strike us frequently 
as we rode along. Many more locusts were seen on the Coteau than 
on the low ground near the river. 

Avgust 9. — Locusts were again seen dying to day, but more to the 
east and in fewer numbers than either yesterday or the day before. 

The afternoon of August 8 was spent in Fort Yates. Lieut. 1). H. 
Brush stated that no damage had ever been done there, within his knowl- 
edge, and that locusts had not been seen dying for tlie last two years. 
Hut I learned that they had been visited by locusts in 1875 and 1876, 
but the damage done was not great. I myself, as stated above, saw them 
dying over the fort, but not so thickly as I had seen them while on the 
Coteau east of the river. 

Monday, August 9, the party with which I w^as traveling turned east- 
ward from Fort Yates across the prairie to the James Fiver, distant 
nearly 200 miles. Soon after leaving the Missouri we lost the trail and 
wandered about until near evening, wdien we struck what afterwards 
proved to be the Big Beaver Greek and camped for the night. At this 
place the locusts were quite abundant, as were other species of ’hoppers. 

August 10. — We followed the course of the Big Beav(*r, or rather, a 
parallel course, at adistanceof several miles, returning to it in theeveh- 
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ing in order to get water. We passed several small lal;es, but tlio 
water was too strongly impregnated with alkali to be fit for use. 

C. sjrretvs and many other species of grasshoppers were taken during 
the day. Occasionally as we drove into the lM)troin of a dry lake where 
the grass was greener and more tender we found the ’hoppers more nu- 
merous, and 1 noticed a few of them when disturbed rise to a height of 
from 25 to 50 feet, in a few cases much higher, and tly toward tlie 
northwest, with tlie wind, as far as we could see them. In these flights 
they made no approach to the spiral form of rising, and I think they re- 
turned to the ground at no great distance from where they rose. Lepi- 
doptera wTre scarcely seen ; a few beetles were taken. 

Auijvst 11. — At noon we were rejoiced at finding a trail which one of 
our party recognized. There was scarcely a breeze stirring, and the 
heat w'as oppressive. In the afternoon the horses wuu-e attacked by 
great numbers of flies (Tahanus llneoluH) and Avere tormented severely 
by them. (Juite a number of grassho])pers and a few moths were taken. 

Avffust 12. — The Coteau was very hilly over the portion we i)assed to- 
day. Of the insects captured to-<lay G. spretns bears a smaller relative pro- 
portion than in other days. Two species of large ’hopjjcrs, one with 
coral uuderwings, the other with sulphur yellow, were most noticeable. 
Mosquitoes w’ere plentiful and active in the evening. 

Aiigufit 13. — Descended from the Coteau to the level prairie about 11 
miles from the James Itiver. Soon afterward we crossed Elm Creidv, 
and about 11 o’clock we entered the railroad camp on the Chicago ami 
Northwestern Railway grading, about 125 miles west of Watertown. 
My collection here was mostly ’hoppers, including many C. spretiis, 

August 14. — Passed through Columbia, on the James lliver, but 
learned nothing of any locust invasions or flights. 

In the afternoon, while crossing the river near York’s i)ost-officc, wo 
were, tlirough the recklessness of the Vlriver, carried into deep water 
and treated to an unexpected bath. The valise coiitaiiiing my si)eci- 
mens collected on the Coteau not being water-proof, the specimens were 
wetted and more than half of them spoiled. 

August 15. — Sunday was spent at Slack’s stage rauche. The rain 
fell steadily all day. No locusts have visited this place either this or 
last year. Mine host was a new settler, and knew noticing of the pre- 
vious history of the valley. 

August IG. — The rain continued falling steadily all day, and no collec- 
tions w^ere made. Stopped overnight in Castleton, but learned nothing 
definite of locusts. 

August 17. — The rain fell steadily until nearly noon. In the after- 
noon 1 saw a few specimens of 0, sirretiis, but did not take any. Arrived 
at Huron about 7 o’clock in the evening. 1 learned that there had 
been a flight of locusts in the latter imrtion of July of the present year, 
going to the south over the railroad grade 30 miles west of here, but I 
could not learn of any damage done here during the last two years. 
The town itself is of less than a year’s growth. 

August IS. — 1 took passage on the Chicago and Northwestern Rail- 
way for Winona, Minn., where I arrived late in the evening. Near 
Tracey, Minn., I learned there had been several flights of locusts pass- 
ing south and southeast during July and August, 1879, but they were 
not numerous or dense. « 

August 19. — Took passage on a Mississippi River steamboat for Saint 
Louis, where 1 arrived August 24, and proceeded home the next day. 

Respectfully submitted. 

JOHN MARTEN. 
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REPORT OF NOTES MADE 1\Y A. J. CITIPMAN. 

Wastiingtox, D. 0., October 13, 1880. 

Sir: Actiug iiiulcr your instructions as an agent of the Entomolog- 
ical Commission to make investigations as to the appearance, if any, anil 
the depredations, if any, of tlie Itocky Aloiintaiii locust in Kansas 
and Colorado, I started west early in August and arrived in Topeka on 
the lltli of that month. I conferred with the Secretary of the State 
Board of Agriculture, Hon. J. K. Hudson, and he informed mo that 
he had received no information of the a])pearance of the locusts within 
the limits of the State, although in frequent communication with cor- 
respondents from nearly every section. 1 made a i)ei\sonal examination 
on the hills and plains adjacent to the city, but finding only the ordi- 
nary grasshoppers I did not consider it i!nx)ortant to preserve any speci- 
mens. 1 stopped over one day at Junction City ami made a search for 
locusts of the destructive kind in the Kansas Eiver Valley, but found 
none. 

At the time of my visit the wheat harvest had been gathered in, and 
the crop in the eastern section was considered fully up to the average. 
The corn crop of Eastern Kansas, judging from observations and in- 
quiries made, 1 consider also au average yield. From Topeka west as 
far as Salina, on the Kansas Paciiic Eailway, and west as far as Xew- 
toii, on the Atchison, Topeka and Santa Fe Bailway, from information 
which I deem reliable, I am convinced that owing to the drought, which 
in this locality has been severe, not more than half a crop will be 
realized. In the western x)ortion of the State, throughout what is 
known as the dry district, great destitution i)revails. Many of the 
inhabitants in about tw^enty counties are suffering for the neces- 
saries of life. Unless relieved by the band of charity they must abandon 
their homes or suffer untold miseries before another season. The in- 
habitants of Bussell and Ellis Counties are not suffering as much as 
many others, but fully 20 x)er cent, of the population even there will 
need assistance. In Kess County the condition of the x)eople is such 
that fully two-thirds of them must have help. Gove County has lost 
much of its poi>ulation, and of those remaining one-half must be fed 
by the hand of charity. Smith and Decatur Counties are badly off*, and 
a majority of the people will suffer if aid is not extended to them freely. 
Graham County has sUff'ered by drought, but more from a severe hail- 
storm, which destroyed the most of what standing grain remained. 
Books County harvested considerable wheat, and will have a fair crox> 
of corn, but still at least 30 per cent, of the population will need assist- 
ance. Of the counties I have mentioned I x)assed through several, and 
in regard to the others I obtained such information as 1 considered re- 
liable. That Central and Western Kansas are undergoing favorable 
climatic changes there can be no doubt. The amount of rain-fall during 
a given number of years is now far greater than twenty years ago. 

. • [5r>] 
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was myself a resident of Council Grove for three years ])rior to the war, 
and I have now a number of acquaintances who liave resided there con- 
tinuously for twenty-live years. Conferring with them specially on this 
subject on the occasion of my late visit, I found that their long experi- 
ences confirmed my own observations. Various causes are assigned for 
these climatic changes. One is the disappearance of the vast herds of 
buttiilo, thus making possible a rank growth of prairie grass, which in 
turn induces a heavier dew-fall. Another is the ])lanting of groves and 
the successful cultivation of timber. Having been encouraged by State 
legislation, the planting of trees has become very general. That a 
greater degree of rain-fall is produced by these causes is the opinion 
of those who are best informed. I reached Denver on the 18th 
of August, and i)roceeded to Colorado Springs on the follow- 
ing day. Dry weather had prevailed here for a number of weeks, 
but on the day of my arrival a heavy rain fell, lasting several 
hours.. I obtained the ser^fices of an assistant for a short time, 
and made examinations for locusts on the hills east and on the plains 
south of .the village. I obtained specimens of the only species to be 
found in the vicinity, and preserved them with care. I visited Mani ton 
and obtained and preserved specimens of locusts from the low^er hills 
adjacent to the Ute Pass. 1 ascended Pike’s Peak on the 22d of August 
and collected specimens at various points on the w ay. The highest 
point at which 1 found the locusts w’^as above the timber-line and one 
and a half miles from the summit. No locusts of any kind were found 
on the summit, and I was informed by the ofilcers of the Signal Service 
stationed there that none had made an appearance there during the 
summer. On my return to Denver I obtained specimens of the species 
of locusts found in the fields and on the plains north of the city. I vis- 
ited Georgetown and obtained specimens of locusts on the adjacent hills. 
I visited Middle Park, taking the stage at Georgetown for that ])lace 
on the 2Cth of August. The route layover the DerthoudPass; highest 
elevation, 11,300 feet. Locusts were taken on the summit and at various 
points down the western slope as far as Hot Suli)hur Springs. I re- 
turned to Chicago by w ay of Cheyenne and Omaha, leaving Denver on 
the 29th of August. The specimens of locusts collected at the various 
points I have indicated were carefully preserved and transmitted to 
you by express from Chicago. I returned to Washington on the 4th of 
Sejitember. 

The above report is respectfully submitted. 

A. J. CIllPMAN. 


Prof. Cyrus Thomas, 

Memher and Disbursing Agent of the Entomological Commission, 
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MISCELLANEOUS LOCUST NOTES. 

A.— LOCUST SWARMS THAT HAVE ATTAINED THE COAST OF GREAT 

BRITAIN. 

By A. H. SwiNTON. 

Flight of 592? 

C. Walford. Journal of the Statistical Society, vol. xli, p. 199. “Lo- 
custs with drought.^^ 

Flight of 874? 

Otlio Frisigcnsis. Liber sextus, caput iiii. Locusts {cwteris locu^Hs 
majores Had. de Diceto) attempt to cross the British Channel. 

Flight of 895-97? 

0. Walford. Journal of the Statistical Society, vol. xli, p. 499. “Ire- 
laud. Invasion of locusts, and famine.’^ 

Flight of 1031? 

C. Walford. Journal of the Statistical Society, vol. xli, p. 499. “Lo- 
custs and floods; famine.” 

Flight of 1093. 

Philosophical Transactions, vol. 18. “ Vast swarms of locusts at l>on- 
gelly in Wales and in Pembrokeshire in 1093.” (Spec. FacUytylus 
migratorius.) 

Flight of 1748. 

Gentienian^s Magazine for 1748, vol. 18, pp. 331, 304, flescription. Philo- 
sophical Transactions, vol. 40, j). 37. Sir llaiis SloaiFs History of 
Jamaica, vol. 1, p. 29, “ In the neighbourhood of London.” M. Edwards, 
History of Birds (i>late 208). E. Donovan, Natural History of British 
Insects, vol. vii, 1798, p. 49-51, “In Sutherland.” Bev. J. Shaw, His- 
tory of the Province of Moray. (Spec. Fachytylus migratorius.) 

Flight of 1797? 

Donovan, Natural History of British Insects, vol. vii, p. 49-51. “A 
true migrating locust {Fachytylus migratorius) taken at Packington, 
in Warwickshire, in 1797.” 

Flight of 1809. 

GardenePs Chronicle for Sep. 12, 1857. 
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Flight of 1842-1849. 

Annals of Natural History for 1842, L, Ghristii visits Leeds, Derby 
and Slieffield at the beginning of September. The Zoologist for 1843, 
L. Christa visits Derby in 1842 ; vol. for 1848, Q. migratorius in En- 
gland (and Scotland ?) during 1846 and 1847 ) vol. for 1850, ‘‘A locust 
taken at Bristol, Oct., 1849. The Naturalist, Journal of the Yorkshire 
Naturalists’ Union, vol. for lS76-’7, pp. 129-137 : Locusts in Yorkshire, 
by Win. Denison Koebuck (locusts in Yorkshire in the years 1842, 
1846, 1847, 1848, 1849) ; also the Entomologist’s Monthly Magazine 
for 1870-’71:*“At Spurn Point during 1842, 1846. Life of Thomas 
Edwards, by Smiles, pp. 207-209.” ‘‘ Lociista migratorius arrived at 
Aberdeen, Banff, and Moray in the month of August, and in the 
beginning of September, 1846, it penetrated to the Zetland Islands, 
Unst, and the bare and isolated Skerries, becoming a pest in some of 
the Western Islands.” The Entomologist’s Weekly Intelligencer for 
1857, ‘‘ Pachytylus migratorius at Herne Bay in 1848.” (Species alluded 
to Pachytylus migratorius.) 

Flight of 1852-1864. 

Zoologist for 1852. X. migratoria taken at Eedcar in September; vol. 
for 1857, migratorius taken in England, Scotland, and Ireland 
during August, September, and October;” vol. for 1858, “Locusts in 
Shetland and Caithness during September; vol. for 1864, locusts in 
Scotland in September, G. migratoria captured in Cornwall during 
September. The Entomologist’s Weekly Intelligencer, vol. for 1858, 
0. migratorius near Hull ; vol. for 1859, do. Gardener’s Chronicle for 
1857, locusts in London and at Great Yarmouth in September. The 
Naturalist, Journal of the Yorkshire Naturalists’ Union, Locusts in 
Yorkshire, by Wm. Denison Roebuck*; vol. for 1876-’7, pp. 129-137, 
“At Spurn Point during 1858 and 1859.” (Species alluded to Pachy- 
tylus migratorius.) 

Flight of 1868-’69. 

The Naturalist, Journal of the Yorkshire Naturalists’ Union, pj). 129-137 
Locusts in Yorkshire during 1869, Wm. Denison Roebuck. Malta, by 
Andrew Leith Adams, p. 94. A live locust at Cork, in Ireland, Nov., 
1869 f The Entomologist’s Monthly Magazine, vol. for 1875-’76, Sev- 
veral specimens of locusts taken at Exeter during the autumn of 1860. 
The Entomologist, Newman, vol. 5, Locust near Halifax at the end 
of August, 1869, locusts along the coast of Aberdeenshire during the 
autumn of 1868. The Entomologist’s Monthly Magazine, vol. for 
1870-’71, A, peregrinum at Plymouth in 1869. (Species alluded to 
A. pereTfrimm (?) and Pachytylus migratorius.) 

Flight of 1874-1876. 

The Naturalist, Journal of the Yorkshire Naturalists’ Union, 1876-’77, pp. 
44, 60, 78; 145-150, Locusts in Yorkshire during 1874, 1875, and 1876, 
Wm. Denison Roebuck. The Entomologist’s Monthly Magazine vol. 
1876-’77, p. 216, At Spurn Point in 1876, Wm. Denison Roebuck. 
Science Gossip, vol. for 1877, Locust in Somersetshire in 1874. The 
Entomologist, Newman, vol. 6, Locust taken in a balloon at Grantham 
at the end of July, 1873. The Entomologist’s Monthly Magazine, 
vol. for 1875, Locust in North Devon, 25th August, 1875? (Species 
alluded to Pachytylus 'ini(jy(aorius ?) 
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THE MIGRATORY LOCUST IN JAPAN. 

OCCURRENCE OF TIIE MIGRATORY LOCUST IN JAPAN. 

Sappoav, Yesso, Japan. 

January JO, 1SS3. 

Prof. A. S. Packard, Jr.: 

Sir: I send you by this nuiil a few specimens of the migratory locust 
of this part of Japan, together with a few of the egg-pods, uiUovtuiuitely 
somewhat broken. I fear that tlie insects arc not in good condition, as 
they have lain in a drawer for some time; but perhai)s you may be able 
to identify the species, and, shouhl you desire it, I can send you perfect 
specimens next summer. The habits of these locusts seem to bo essen- 
tially the same as those of the North American species, as described in 
reports of the U. S. J)ei)artmentof Agriculture, but 1 should judge that 
the powers of flight are less in the Japanese species. These insecits 
first (within modern times) proved injurious here in the summer of 1881, 
when the season was unusually dry, and they left the rather dry ami 
sandy district, which has since been discovered to bo their “headquar- 
ters,” so to speak. In one other respect the habits of this locust seem 
to differ from those of the American, viz: they often deposit their eggs 
in quite wet places, places where even in summer water will usually 
stand in a hole only a foot indeptli, and I am credibly informed that the 
eggs hatch in such localities, though somewhat latca-. 

h\ the American ^^atnra I Lst i'or Mixy, lvS82, 1 noticed, in an extract from 
a letter from Mr. Prank Calvert to the London J^Jntomoloffist^ mention of 
a parasite {Sarcophaya llneata) preying upon the locusts in the vicinity 
of the Dardanelles, and I would like to ask your opinion as to the feasi- 
bility or advisability of importing and establishing that or any other par- 
asite upon tlie locust here. The climate is essentially the same as in 
Massachusetts, but perhaps three weeks later. 

Hoping that you juay not d<iem mo trespassing too much on your 
valuable time, 

Very respectfully yours, 

WM. P. BROOKS. 

Note, — Professor Riley has compared these si>ecimens with Pachyty- 
Ills migratoriiis, and finds that they differ only in being darker ami in 
having blacker and somewhat more sharply defined wing-spots. Kdp- 
pen, in Petermann’s Mittheilungeu, 1871, p. 303, records P. migratorius 
from the East Indies, Siam, China and Japan, as well as other points 
south in the Pacific and Indian Oceans. 


B. — Early Notices of Locusts in North America. 

Prof. A. S. Packard, Jr. 

Dear Sir: I send you these extracts and the translation from Father 
Hennepin as contributions to ‘^grasshopper literature.” They may be 
serviceable to you. 

Yours, truly, 

E. L. BERTHOUD. 

[extract and translation from the french edition, of 1704, OP FATHER HEN- 

NKFIN^S VOYAGE AND DISCOVERY IN NORTH AMERICA OF NEW COUNTRIES AND 
OF THE MISSISSIPPI (MESCHACEllf:). EXTRACT, PAGE 34— DESCRIPTION OF FORT 
FRONTENAC OR CATARAQUI.] 

The land which surrounds this fort is very fertile; we have cultivated more tlian 
one hundred “arpents” during the two and oiie-half years I resided there on a mission, 
liidiim corn, Eurupeaii wheat, leguminous plants, |»otherbs, punq>kins and water- 
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melons have well succeeded there, although it is a fact that at first our wheat was 
badly damaged by grasshoppers. This seems to he the usml rule whenever in Canada new 
land is cleared — caused, I believe, by the extreme moisture of this country. 

Th6 first inhabitants that we attracted there fed their fowls upon them. 

Remark by translator. — It is singular that Hennepin should remark that new 
clearings always sutiered from their devastation, and that the great moisture of the 
climate of -Canada was favorable to them. This is diametrically opposite what we 
believe is favorable for them, viz., dryness of climate and soil. — E. L. Bkrthoud. 

[from captain SIIELVOCKF/S voyage round the world (edition 1723) WHERE 
HE DESCRIBES THE COAST OF CALIFORNl.V, ETC., AND PUERTO SEGURO HARBOR. 
PAGE 412-413. ANNO DOMINI, 1721.] 

Here is plenty of wood * * * but the trees when we were there * * * were so 
eaten up and devoured by iuconceivable swarms of locusts that they gave the country 
the appearance of a sort of winter, which else could iiev'er be observed in this climate. 
In the daytime these locusts are perpetually ou the wMiig. 


C.— The Locust in California in 1880. 

' V 

LASSEN COUNTY, CALIFORNIA, NOTES. 

Editors Fres.s: I have long been a reader of your valuable paper, and take a 
groat interest in reading it, ainl it seems to me th:it every number is better than the 
fast. I am a farmer, and would almost as soon think of doing without a plow us to 
do without the Rural. I thought 1 would send you a few items about this part of 
the State, but as this is my first attempt, and being a poor scril)e, I hope you will 
judge it accordingly. 

This is a very backward spiiug and summer. Crops are fully one mouth later than 
last year. I commenced haying at this date last year, but it will be nearly a month 
before I can cut anything this year, for timothy has just conimeuced to head out. It 
has been a most remarkable season ; there has been so nimdi wind that it has dried 
the ground ont, so that after all the rain and snow that fi-ll last winter there will be 
short crops if we do not luivc some rain soon. Last Friday and Saturday night wo 
had sharp frosts that did a good deal of damage to gardens, and some say that grain 
in the upper end of Honey Lake Valley i.s hurt. The fall-sown grain, wdiic.li was-jiust 
heading out, is hurt the most. The fruit was too far advanced to receive any harm. 
There is a prospect of a large fruit crop this year; blackberries and strawberries ex- 
cepted, they were injured by the severe wint(!r wcatlnM’. 

I understand that the grasslioppens are doing a good deal of damage to crops in 
Long Valley, this county. We all have our trouhlos in some way or otlier. While 
the north wind in the lower counties scorches everything up, it brings to us a frost, 
and iierbaps this is a fact that but few are aware of, but' it is nevertheless true. 

The loss in sheep and cattle was very great here last winter, some losing nearly all 
by not having hay to feed them. Stockmen are beginning to see that it does not 
pay to keep large bands of sheep and cattle and nothing to feed them ou in case of a 
hard winter. They may manage to winter ou the range for three or four winters 
without feeding, and tihen comes a hard winter and the owner loses half, or perhajis 
all, as in some instances that I know of, and then all his labor and all that he has 
invested is lost. More anon. 

G. R. WALES. 

Janesville, Lassen Co. 

The grasshox^pers have appeared at Virginia City, Nevaila, flying in armies. The 
farmers in Washoe Valley .st;ito that the hoi>pers have eaten every green thing. — [S. 
F. Rural Press, July 10, i5#80.] 


D. — Locusts and Coffee Trees in Guatemala. 

Mr. S. B. O’Leary, of this city, has favored me with extracts from a letter written 
by a relation of his residing ou a plantation near Ai\tigua, Guatemala, and containing 
information about the locust i)lague, by which lately the crox)s of Indian corn and a 
great many coffee plantations in that country have been destroyed. The insect is 
called Chapulin (Grylhis niilcSf Drury ?), and appeared first in the dox)artmeut of Chi- 
qiiimiila, in the eastern part of Guatemala, clo.so to Honduras. Thence it spread over 
all the warmer parts of the repiy>lic, avoiding the higher and cooler regions. The loss 
must be very considerable ; one gentleman-, Don Gregorio Revuelto, in the department of 
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Snchitcpeque, lost in ono night 70,000 frees, wi thont there being left one single leaf. In 
April a swarm supposed to lie 4 Icagnes broiid and about 300 metres long anproaelied 
the estate belonging to the writer of the letter, but fortunately could bepartK driven 
away with noise and smoke. i j 

These facts are interesting, as it has not been observed hitherto that locusts, in such 
a degree, attack the coffee tree. 

r. 4 « KKNST. 

Caracas, August 2. 


E. — History of Locusts in Other Countries. 

Wliile our own land has been in certain years fearfully seonrgod by 
locusts, and to such an extent as would have caused wide" extended and 
disastrous famine and want had the population of the Western States 
been less active, vigorous and civilized, and w itli less facilities for rail- 
road transportation, telegraph conimnnieation, or lessintiinate coinimi- 
iiication in general with the populous centers of the country, it may 
be safely said that in all probability, should there ever occur sindi wide- 
spread invasions and devastation as took place in the Western States in 
1807, and 1874-’7r>-’70, tliere will not occur even such local distress and 
})artial famine as did occur hcreand there upon the Iron tier in those years* 
We have good reason to believe that the settlement of Montana, the 
great breeding ground of the liocky Mountain locust, which is now go- 
ing on so rapidly, will more than any other cause decrease the number 
and extent of locust-breeding grounds, and thus lessen the number of 
those which would otherwise emigrate trom tlicKocky Mountain region 
across the plains. 

As will be seen by tlie statements made in the first report of the Com- 
mission (pp, 470-477), and by the extracts from different sources given 
below, the immediate re.sults a locust invasion are famine, and the 
diseases and epidemics or pestilences resulting from the lack of food or 
from the enforced use of bad food. This is particularly the case in the 
soutliern portions of Eussia, and the seini-civilized region of India, the 
Ehilii)piiie Islands, and particular!}' northcru Africa, i)arts of Algeria, 
while it is less marked in South America and Mexico. Famine from the 
invasions of swarms of locusts, on the other hand, is out of the qiiestion 
in regions inhabited by savage tribes. As is well known, the wild Arabs 
and Bushmen welcome a swarm of grasslioi)pers or locusts as a season 
of thanksgiving, luaise, and the reverse of fasting; while in the Great 
Basin of Nevada and Utah, what is now a curse and tribulation to the 
settlers, was formerly an entomological “raiufalF^ to the aboriginal IMnte^ 
and Digger Indian. So that semi-civilization feels keenly the results of 
the attack of locusts, w hile a civilized, thickly-settled community, even 
near the frontier, has within itself the resources for overcoming or so 
ameliorating the results of the depredations of these insects that it suf- 
fers but comparatively little iii the long run. As will be seen by our 
second report, the outcome of the observations and w’ork of the Com- 
mission is that the locust jdague will be so much reduced in extent ami 
so ameliorated by the rai)i<l settlement of the Eocky ^Mountain region 
that we are safe in saying that the best general jueveutive against the 
ravages of locusts, the great prophydactic. against locust attacks, is the 
settlement of the permanent breeding grounds of this species. 

It is the increase of populA-tioii in central Europe and the lessening of 
uncultivated, iiartly desert areas in southern and southeastern Europe, 
west of Eussia, which has probably put a stop, within the ])ast century, 
to the arrival of sw'arms of locusts in Gennaijy und Austria from the 
southeast. • 
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This process of civilization and settlement of tlio country in north- 
ern Africa, notably Algeria, is apparently thinning out the number of 
locusts, diminishing the frequency of their migrations, and rendering 
the frontier settlements less liable to devastcntiou. This is indicated in 
part by the following extract from an English paper: 

The invasion of field-crickets in 1866 cost Algeria 50,000,000 francs, and caused the 
famine of the next year, in which tJ00,000 natives died literally of hunger. A single 
hand of these animals, observed in the province of Algiers, contained 50,000 tons of 
them. This flood of animal matter would furnish a manure containing nearly 1,000 
tons of nitrogen. In view of this fact, and the possibility of future invasions, MM. 
Durand and Hamel have lately devoted attention to finding a means of stopping and 
buryiug such swarms, and it would appear they have succeeded. Their cricket-bar- 
riers (which are described in a receut number of La Techuologiste) are now manu- 
factured uud sold by M. Lambert. These barriers are formed of calico stretched on 
posts; they are arranged not in a straight line, but in lines forming angles, and the 
crickets advaucing to the angle fall into a ])it dug there. Tlie crickets are treated in 
the pit with green vitriol (with a view to the iiuture of the manure). 


THE KAVAGES OF LOCUSTS IN IIUSSIA IN 1879 AND 1880. 

The following iiewsi)ai)er extracts from Eussian correspondents of 
the English press w ill show w hat direful ravages and consequent famine 
and suffering w^ent on last ye«ar ami the present (1880) in sontlieni 
Eussia, a region topographically find meteorologically comi)arable with 
the Great Plains bordering the eastern flanks of the Eocky Mountains. 
The heat and drought, the vast extent of grassy “ steppes’^ like our west- 
ern plains, the semi-civilized, scattered agricultural ])opulation, far awaj*^ 
from railroad centers, afford a ])arallel to the frontiers of the United 
States, only that the people, emancipated serfs and peasants, are far 
less active, intelligent, educated, and thrifty than our own population, 
and thus less able to co]>e with suddeiioand widespread calamity, or to 
recover when once stricken dow^ii with the terror and dismay resulting 
from the sudden spoliation of their crops and the loss of every green 
thing around their homes : 

“Turning now from the ravages of revolution to the devastations of 
locusts — rather a singular transition, you must admit — 1 find a daily 
cry of lamentation uttered by all the press of southern Eussia. As a 
very certain ]»roof of how enormous is the damage caused to the crops 
by this corn beetle, or by w hat other name the noxious insect may be 
called, 1 may mention that in the jn-ovince of Cherson alone — into tlie 
custom-house treasury of w hich you may remember some days ago the 
jSihilists digged their underground way ami abstracted an enormous 
quantity of coin — a sum of no less than 50,000 rubles* has been voted 
for the purpose of exterminating this Egyptian idague. It is feaied, how- 
ever, that the preventive measure will be too late, and that the crops 
must be parted with in a Christian spirit of submission. On a surface 
of 800 versts at and around Zaiiitzin, on the Volga, there has been no 
rain since the beginning of siiring till now, while universal dryness and 
enormous heat — Eeaumur’s thermometer standing at 30 degrees in the 
shade, 40 degrees in the sun — with intolerable sultriness and dust, have 
destroyed all liojies of the harvest thereabout. The country i>oople, says 
the Golos, are leaving their homes by hundreds in despair and wandeiit 
ing about as beggars. From other parts Of the empire, too, the cry of 
distress is heard, arising from a different chord of woe. The Eusso- 
Pfdish and Lithuanian towns are swarming with smdi a large and nn- 


i'*A ruble is 75 cents. 
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employed Jewish population that the civic authorities are no longer 
able to support them, and the Government has, therefore, resolved to 
found more agricultural colonies in the various provinces for the recei)- 
tion of this superlluous Hebrew proletariat, those created several years 
ago having of late shown signs of jirospe^rity — a remarkable truth, I 
may take the liberty to add, in view of the fact that in no country what- 
soever wliere they settle do the gifted descendants of Jacob show any- 
thing but the most deep-rooted aversion from manual labor.” — [llerliu 
Corr. Loudon Times, 1879.] 

“ During Ai)ril a shower of these pests fell upon the province of Cau- 
casus, liussia, utterly destroying vineyards and fruit gardens. The vil- 
lage streets were blockaded by them so that the sho])s were shut up and 
all traffic closed, while the water-courses were choked by the swarming 
pests.” — [English paper.] 

The Georgian town of Jelizawetpol, near Tiflis, has suffered a league 
of locusts almost as bad as that which afflicted Egypt in the days of 
jVloses. On the 20th of April, tlie insects invaded the tow'ii in such 
nuinbers that the merchants had to shut up their shops, and w^alking 
about the streets was exceedingly difficult. The Ilussiau authorities 
ordered the inhabitants to make a united effort to kill the pests, but the 
generous imople refused, believing it a sin to destroy a locust, until the 
authorities threatened to punish every householder w ho failed to deliver 
daily a given wxught of dead insects. The canals were filled with lo- 
custs, so that w^ater for drinking aiid w^ashing could only be obtained by 
straining. The houses swarmed with the creatures, and many families 
w ent a w^eek without bread because their ovens w ere literally filled 
with them. They tried in vain to drive the locusts away by lighting 
holy caudles and burning incense. The Armenian i)riests regarded the 
])lague as a visitation of God, add brought from a neighboring town the 
bones of Jacob, wdiich they carried through the streets of the afflicted 
city ill inocession, fairly wading through masses of dead and living 
locusts as they marched along with the relics of the patriarch. The ener- 
getic measures taken by the police finally abated the evil, but not until 
the gardens, orchards, and vineyards had been stripped bare and, the 
peojdc had suffered for more than a week ” — [New York Tribune, 1870.J 

“A detachment of Eussiau troops, bound for General LazarolPs expedi- 
tion against the Turcomans, met with a curious misadventure near the 
Georgian towm of Elizavetopol. At a few’^ versts from the town the 
soldiers encountered the w ing of an army of locusts, reputed to be 
tw enty miles in length and broad in proportion. The officer in charge 
did not like to turn back, repelled by mere insects, and, pushing on, 
soon became surrounded by the locusts. These appear to have mis- 
taken the soldiers for trees and swarmed by thousands around them, 

crawling over their bodies, lodging themselves inside their helmets, 
lienetrating their clothes and their knaxisacks, filling the barrels of their 
Titles, and striving to force themselves into the unfortunate men’s ears 
and noses.” The commander gave the order for the troops to push 
on double-quick for Elizavetopol, but the road w^as so blocked with 
locusts that the soldiers grew frightened, and, after wavering a few niin- 
«Ltes, a regular stampede took place. 

“ IahI by a non-commissioifed officer of keen vision, wffio had observed a 
few huts "a short distance from the road, the troops dashed across the 
fields, “ slijiping about over the crushed and greasy bodies of the locusts 
as though they had been on ice.” The huts were soon reached, and the 
officers rushed inside, but the refuge pro ved\o be of little value, as the 
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premises were already in possession of the enemy. The peasants told 
the correspondent of the Kavkas that for days they had been besieged 
by the vermin, the insects filling the wells and tainting the water, crowd- 
ing into the ovens and spoiling the bread, and preventing any food being 
cooked or stored. At intervals the villagers issued from their houses 
and made onslaughts on the locusts, killing them by thousands, and 
carting them away afterwards to the fields for manure. The soldiers 
were detained prisoners by the insects for forty-eight hours, and on 
their march to Eliza vetopol in the rear of the locust army they found 
every blade of grass and green leaf destroyed and the peasants reduced 
to beggary.” — [New York Tribune, 1870.] 

‘^Hint to Western Farmers. — Mr. Hofiinan, charg6 dWaires at 
St. Petersburg, in his dispatch to the Department of State, dated Sep- 
tember IG, sends copies of an official report on locusts. It appears that 
the grain locust of liussia generally deposits its eggs in the wheat fields, 
and that as soon as they are hatched the attack on the wheat com- 
mences. The use of ropes and machines to drive the locusts from the 
wheat fields is not advisable. It is better to plow the ground where the 
eggs are laid, as ten minutes’ exposure to the sun kills the chrysalides. 
The prevalence of locusts in southern Kussia has been, by these latter 
means, greatly reduced, so that good crops of wheat may be expected in 
1881. Possibly some lessons may be derived from liussian experiments 
and reports aliecting Americaii grasshoppers. 

‘‘The losses, and consequent alarm qnd famine, again prevailed in 1880, 
with nearly the same story of threatened consternation, hunger, and 
I)Overty among the liussiaii peasantry.” 

“London, May 8.— The St. Petersburg correspondent of the Standard 
says the beetle whiclj ravaged the crops in Poltavia and Ekateri- 
norslau in 1878 has been found in large numbers in a larva state, and 
the peasants lear to sow spring crops. The same correspondent says 
the greatest alarm prevails in Tittis in consequence of the discovery of 
locust eggs. Unless exterminated before final development, a liimino 
throughout the Oaueasus is inevitable.” 

“St. Petersburg, Jnly 8. — The Golos raises its voice, iii view of the 
Chinese difficulty, to ])oint out the sad condition of the country, ^ind 
how much worse it will become in the event of another drain upon its 
already exhausted resources, and retarding the introduction of reforms. 
The press for several weeks has been full of complaints of ravages 
by locusts, fiies, beetles, and worms, hunger and poverty among the 
peasantry, a rapid increase in prices of everything, increase of the 
cattle plague, a large spread of disease, &c.” 

A recent number of the Golos contains an interesting letter from Tiflis describing 
the enormous labour bestowed during the summer upon the destruction of grasshop- 
pers. The work was carried on for about three months, and occupied in one district 
(Gori) no less than 20,000 peoide per day. More tliau half these people bad been sum- 
moned from the neighboiiriug districts of Achalzych, Ossetia, and Iineretia. Thanks 
to the colossal efforts thus made, only 2 per cent, of the total crops of the district 
were destroyed by the grasshoppers. Many iiiillion n>nbles worth of hay and corn 
were saved by this work. On the other hand the organisation of the whole cost the 
Russian Government soiiie 200,000 roubles, and many thousand acres of fields and gar- 
dens have been utterly neglected by the popiilatioii to whom they belong. — [From 
“Nature” of December 10, 1^80.] ' • 

The Eussipn new'spapers report that much mischief is being done to 
the crops in South Kus.sia by locusts and other insect pests. In the 
district of Kassachs an arcTa of over 400 kilometers has been devastated 
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in this way. Upwards of 5,000 men were daily employed in the work 
of extirpation, fully 8,000 kilograms of locusts being gathered every day. 
On the- road from Tillis to Poti the locusts lay so thick on the line that 
the trains were obstructed. The Vedomosti says that the steppes of the 
Don have been swept bare of all vegetation, as if a fire had passed over 
the land. Fourteen companies of soldiers are employed in the Odessa 
district in destroying these insect plagues. A huge swarm passed by 
Moscow in the middle of June, at an elevation of from 70 to 100 feet. 


Locusts in China in 1878. 

While in past centuries this thickly settled country has been rav- 
aged by locusts, as shown in our first report (p. 477), it appears tliat 
they still abound, notwithstanding the dense population, though they 
apparently breed in desert places and invade the more populous areas. 
It appears by the following extract from a Chinese (English) newsi)aper 
lliat locusts abounded in great numbers in eastern China on the lower 
Vaiigtsze Hiver, and it likewise appears that the natives initiated the 
use of oil on streams and likewise scattered over dry fields, and found 
it to be one of the best means of killing these pests. It thus appears 
that the Chinese, when hard put to it, can take up and put into practice 
new remedies. From the second account of Chinese methods of exter- 
minating locusts, by a foreigner, Mr. K. Scatchkow, for many years 
resident in China, it appears that locusts periodically ravaged the coun- 
try * though whether the same region or not, does not appear. We re- 
print these interesting statements, being of very general interest : 

Loemta on the lower Tangtaze, — Majoi^ Yao Las received from Brigadier Fan a proc- 
laii ation issued l»y the Viceroy Shento the effect that last year flying locusts covered 
the countryside, leaving behind innumerable grubs which soldiery and local otflcials- 
were then instructed to search for and dig up. From that time up to the present over 
two millions catties have been brought in, thus proving there has been no lack of 
energy in obeying the orders given, nor any deficiency in the numbers given up. Re- 
ports are now crowding in tliat locust grubs are springing up like ants and flies all 
over the countryside, that they are big enough to hop about and vrillinthe twink- 
ling of an eye have wings and commit unutterable harm. Mr. Brigadier Woo has. 
now discovered in course of his literary researches that locusts hiive Jin instinctive 
dread of oil. Ho has therefore instructed his braves to mix a picul of oil with water 
and scatter it over lociist-infested fields, whereby the insects would be killed. In 
fields where the rice is just sprouting, the oil floating on the water will prevent the 
descent of the locusts. Oil from the Elceococca tree, however, is injurious to the crops, 
and should not be used, but every other kind of oil is equally destructive to locusts, 
hemp oil being the best. The Viceroy has noticed, too, in a certain work, that lo- 
custs dread oil, and that it is the best preservative for the crops. Facts like these 
about oil cannot be too widely known, in order that men by their personal efforts may 
second the desire of Heaven for harmony (aide toi).— [North China Daily News.] 


THE EXTEHMINATION OF THE LOCUST IN CHINA. 

In one of the scientific meetings of our Entomological Society the question of the 
calamities from locusts, and the different ways of exterminating this insect, have been 
discussed. But I think that our ontoraologiats do not yet know the Chinese way of 
this extermination. Wmhing to fill up this deficiency, I have hunted up in the largo 
Chinese bibliography Sy-koo-zuau'^shoo-moo-Eoo nearly all the names of works con- 
nected in any way with this question, but have found only three which have entered 
more or less into particulars: (1) Zsu-liooan-ho-min-book about salvation from starva- 
tion, written by Doon-voy at about llOfl after Christ, and soon afterwards corrected by 
Van-bin. (2) Zsu-hooan-ho-min-shoo-boo-ce-bonk about, salvation from starvation^ 
coneoted and amplified; it has been written in 1442 byHihe learned Tjoo-soon-vey-zsy, 
5 AP E 
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on tlie progTamme of the above-mentioned work of Dobn-vey, with the exclusion of 
all that is not quite connected with the subject and the addition of some now facts. 
(3) Poo-hooan-kao, on the extermination of locusts, written, on the example of the 
preceding w'ork, by Tchen-van-shen, as a separate pamphlet or in the collection Hooan- 
tcheii-zoou-shoe, collection of regulations against famine, published in 1C90. Of these 
three works 1 possess the second in the new'er edition of I51ti. Though this book is 
already four centuries old, its author is still very popular, and the book is even now 
a vade mecum of every official in China who has anything to do with the question. In 
its tAvelvc chaptoi’s all luisfortuues from poor harvests, w^aiit or excess of rains, locusts, 
and other losses which we have to encounter, the Chinese are very well informed 
about, and they have proposed a quantity of ways to pi*event these calamities. 

The same ways of exterminating the locust of -which Tjoo-soon-vey-zsy speaks are 
at the present day used in China. Considering that his book is four centuries old, 
one wonders that the Chinese should not have found something newer and better 
eince; but, on the other hand, one cannot help admiring them for obliging their 
auperstitious brothers to exterminate the locust so long ago, w'hen oven in our day 
one has so much trouble to make some Hussian and West £urox)eau x)easants do it. 1 
have several times in China seen invasions of these insects, and have noticed that 
every Chinese countryman now does his utmost to exterminate them, though he still 
considers their coming to be a X)unishment sent by Heaven. The following is a traLis< 
lation of the ninth chapter of the above-mentioned work, as far as it speaks of tbo 
extermination of locusts, with some explanations: 

“ It is s«aid that during the reign of . the Tan dynasty the Emi>eror Ta'i-Tzoou (dy- 
nasty Tan from 627 ante till 649 post Christum) s w’^allowed a locust and Tao- Choou oxtor- 
mlnated locusts. Some pcojilc laugh at that, and say that we want to be cleverer 
than Heaven, going against its will. I don’t think so! Wo know that the misfor- 
tunes which come over us are of ditfereut natures. One can take moans against some 
of them, while all human power is useless against some others. So you Lave to bear 
patiently excess of waters, of early frosts ; but you have watering engines against 
dryness, and you can get rid of locusts by exterminating them. It is possible that 
there should be no means against such a calamity. The local authorities must take 
care of the people, and must also make them understand that they have to protect 
tliomsolves against such kind of inisfortuues. Once, the governor of a district, know- 
ing that locusts do not oat shoots of peas, when the locusts came gathered a quantity 
of seed of Held x^eas and x^^rsuaded the country people to seed nothing hut that on 
their fields; the consequence w^as that not only the locusts did uot eat anything, but 
the next 8X)riug the people had some profit. (1 have to beg the reader to excuse the 
author for rexieating this old story. If he believed that locusts do not eat pe.vshootB, 
one would only have to advise never to grow anything but that on the fields visited 
by locusts. The Chinese believe that in ancient times there were in everything ex- 
amples of luck, order, and knowledge.) That is the way they acted iu ancient times. 
Wo see in the chronicles of the Emperor Shen-Tzoon’s reign (dynasty of Soon, reigned 
from 1068-10d5 T. D.), iu 1075, he ordered that the district governors and their assist- 
ants should be xiersoiially present at the x>laces where locusts were expected to apx^ear ; 
and iu case the invaded country is large, that the younger district officers should be 
also ordered thither; they and the village chiefs were obliged to invite the x>cux)le to 
gather the locusts. For five sheus (one “ slieii ” Chinese measure contains nearly 
25 cubic inches) of larva) of locusts, or for ten shens of locusts, the gatherers received 
one sheu of fine millet, and for one sheu of locust eggs two shell ot coarse millet, or 
they could also get tlio corrcspoiidiiig price in money. After that the officers and vil- 
lage chiefs had to bum the locusts. If any one had his crops eaten uii he was freed 
from taxes on the property for one year, and was rewarded, in correspondence with 
his losses, with money, hut uot exceeding the value of a hundred moo of land (one moo 
is a Chinese square measure about 132 square linssiaii sageens, or about 135 square 
fathoms). 

“ Such was the very cflicicut way of exterminating the locusts during the Soon 
dynasty. But, though this method may bo very good, indeed, I thiuk, however, that 
one can exterminate this insect directly after its axipearauco. Generally villagers 
get frightened at the arrival of thoHC3 insects, worship them, sacritico to them, and do 
not dare to exterminate them, and therefore never can get rid of them. They never 
hear of the contest of the times of the Tan dynasty, between Minister Tao-tclioon 
and his colleagues, Neejo-Shoei and Loo-Hooai-Tchen. I will tell about it, and in 
case locusts should apiiear anywhere my storv should bo promiitly iiublisbed and dis- 
tributed for public information, that tho old and learned x^oopl*^ uiay explain it and 
teach the coiumouej'S. The fifth year of Uau-tze oirs reign (716 T. D.) when the dis- 
trict of Shooaii got infested by locusts, and tho inhabitants were beginning to sacri- 
fice to tbem and gave up to them their crops — uot daring to catch them, tho Minister 
Tao-tchoon said to the Emperor ‘to capture there those brigand insects and deliver 
them to the fianies.’ This expression was a quotation from an ancient x)oem about the 
destruction of locusts, lliotsgh an oflicer had been sent, therefore, to the district 
Tian-Djou, and was x)i*epariug to fulfil his duty, the local governor, Neejo-Shoei, told 
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the Emperor tlisit oue should escape this celestial punishment hy doing good, and re- 
minded him of Loo-tzoon, who had not succeeded in destroying the locust, and had by 
that dragged his country into greater trouble. Tao-tchoon answered liim reprov- 
ingly ; ‘ Loo-tzoon was a x)rince-u8urpor, and his virtues did not surpass his falseness ; 
how baseness does not surpass the virtutis; in ancient times the locust did nv)t ap- 
proach places where the coniniaiidors were good men, and now one advises to look, 
w’ithoiit doing anything, at the destruction of the crops, and who is the man who ad- 
vises this — the local chief ! * Neejo-Shoei got frightened at this speech, and took to tho 
destruction of tho locust, nnd gathered 40,000 dan of it (I dan is 100 slien). Hut some 
men condemned the minister, and did so much as to iniluence Uan-tzoon, who also 
began to doubt whether the minister was right. Tao-tchoon sAid to the Emperor, 

* One cannot change stupid scitmtitic men nor pedantic books ; tboiigh wo cannot get 
entirely rid of the locust and the evil they bring, it woiihl still be better to destroy 
them than to give up one’s self to yuin.’ Uau-tzobii was satisfied with this answer, but 
tho minister’s colleague, Loo-hooai-chen answered: ‘Can human power do anything 
against a celestial iiunishmeut ? From the destruction of too many of these insects 
the equilibrium of the elements must be injured.’ The minister answered him : ‘In 
ancient times Prince Djooan-Uaii swallowed an insect and was cured from an illness. 
yiioe-Nao has cut a snake in two and luck never left him after that ; and now with 
the locust luck can also speedily return ; and if we do not do something against tliis 
insect the cro]>s wdll be diistroyed. In destroying tho locust we save ineii. All the 
responsibility for this shall fall on mo, and not on those who but execute my orders.’ 
Very soon after this distress from the locust entirely ceased.” 

RKGULATIOXS RICGARDING THE EXTERMINATION OF LOCUSTS. 

(a.) Orders puhVislied under the reign of the Emjpcror Shen-isoon : 

1. Wherever locusts a])X)car, aud the landowners or their neighbors conceal it, and 
the elders don’t take measures foritsdetriiction, each of them will have a hundred blows 
of a bamboo rod. If the local chief, having been informed of the arrival of locusts, 
should do nothing against them, or not bo personally i>resent at the execution of 
measures of destruction, or not having destroyed all the locusts, inform wrongly the 
Government of having dtistroyed them all, he wdll be liable for each of those offenses 
to the above said number of t)amboo-rod blows and to tvrenty additional blows. 

2. Whenever locusts leave desert l)opulated ones the local chiefs are 

obliged to hire poor peox)lu and havo tho eggs destroyed. If all of them should not 
he destroyeil aud the locust therefrom reappear tho next year those commanders will 
be punished with 100 bamboo-rod blow^s. 

3. In the villages where the locust passes and leaves eggs tho landowners and 
elders will be punished in the same way for tho imiierfect destruction of those eggs. 

4. If the measures of the coru distributed as x):iy for such labor should be iuteu- 
tioiially smaller than due, the punishment would be equal to that received by officials 
ill villages for taking bribes, coucealing Government i)roperty, or approjiriatiou of 
strange property. 

5. If commanders in jdaces overniu with locusts would appropriate to themselves 
strange {troperty tliey wtmld suffer the x>URi^hmeut of those receiving bribes from 
convicts placed under their care. 

G. During the presence of locusts the local coniiiiandcr will always be responsible 
even if ho should be at the time absent on duty — as long only, however, as it will bo 
within the limits of his district. 

(b.) Manners of destroying the locust, 

1. Every morning at sunrise tho locusts creep ui> the stems of the com aud strong 
grass so as to drink the dew ; at that time they are heavy and can neither fly nor jiiiii]). 
At that time one must drive them with sticks into baskets and from there put them 
into bags and then burn tliein on fire or pour some boiling water over them or 
dig a hole in the ground, make a ftre inside, and throw them in it. Everybody knows 
that it would not be suflicient to simply bury them, as .they could creep out through 
tho small holes iu the earth. 

2. Locusts don’t die easily. Iu knocking with a stick on a fresh larva one not 
only would not kill it, but would also destroy the crops. Old leather or even grass 
soles would do much better. Oifb must put the sole on it and. press it with the baud 
against the ground. This would keep tho coru unbroken. Out of one bull’s skin one 
could make many a sole, and give them to keep to the elders for case of need. One 
says such method is used in Mongolia. 

3. If the locusts are oil an ojien, free idace, one must dig a ditch across their way in 
front of them. The larger the ditch is the better. •One must cover tho ditch with 
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boards and make a door (double folding) in the center. A lot of men must drive the 
locusts into the hole with branches and shouts, and some others stand near and brush 
them ill with brooms. If thej* try to got out again drive them back. Once filled 
with the insects the hole must be covered up with dry grass and fire put to it. llow- 
cver, even after that some of them will be alive at the bottom of the ditch. For 
that purpose one will have to bury the whole thing and trample on it. And do the 
same the next day. One could also make a fire in the ditch beforehand and drive the 
locusts in afterwards. 

4. Once the locust appears there is no writing to be done for excuses of absence of 
chiefs, &c. — papenwon^t help — the commander-in-chief must bo present. The serv- 
ants following the chief in those cases must not clean out whatever valuables, «&c., 
they find at the elders, like silk "worms, as the elders would afterwards pay them- 
selves on the villagers. In that case, not seeing yet the good consequences of the 
destruction of the locusts, they would only see the Svil accompanying that destruction. 
One cannot admit that. 

5. As soon as locusts are noticed in the neighborhood of a town, bills must bo dis- 
tributed describing the way to destroy them and notifying that one shen of corn 
will bo paid for each ten shen of locusts at sight, whoever may bring them, woman 
or child. In doing so one can destroy all the locusts for miles around. 

6. Five houses form a precinct. Its elders must teach its inhabitants the useful- 
ness of the destruction of locusts. A great thing is that the bread in store and money 
should not be spared as pay for locusts. Then the destruction of locusts will find 
working areas in the neigbborhfiod and will progress surely, if not quickly. The 
exactitude of payment is iudispensablo, m otherwise men would abandon the work. 
The Goveniment corn store, belongs in principle to the people. If the locusts 
destroy the crops the people will suffer from hunger. Judge if it is not better to 
give the bread to the poor in exchange for locusts than to have it rotten in store 
or eaten up by mice or sparrows. 

7. For the purpose of burning the locusts one digs a ditch of 5 feet deep and 5 
wide (the Chinese foot is nearly equal to the Russian one) and twice as long. One 
empties the hags into the fire. As soon as the locust is in it, it w'on’t jump out. That’s 
what the poetry means hy “ delivering them to the fiames.” Even in old times they 
knew' that if you bury a locust he will creep out again. Therefore the destruction 
of locusts by fire, as they did in ancient times, is the best. 

These methods are really not very humane, but if you avoid the destruction of 
locusts you will have to fo?get the welfaro of the people ; which do you think ought 
to be thought of first? Was not therefore Tao-choon wise and good w'heii ho said, 
** in killing insects one saves His acts proved his wisdom. 

K. SCATCHKOW. 


Locusts in Cape Colony, South Africa. 

I^’early all the books of South African travel speak of locusts as emi- 
grating in vast swarms in southern Africa. The following article sliows 
that of late years they have periodically invaded the settlements, and 
that the people there have had nearly the same experiences as 014 the 
the frontiers of our country. The article appeared in the Cape Monthly 
Magazine for March, 1879, over the initials C. S. O. : 

‘‘For some years the locusts have not been troubling these parts of 
South Africa, but probably they will make their appearance again 
before long. Since my arrival in South Africa in 1843, I do not re- 
member having seen any but flying locusts till 1854, when the marching 
locusts (“voet gangers” — infantry), those wdiich have not attained to 
wings, appeared in tlie Colesberg district of Cape Colony and the 
couiitrj’^ now known as the ‘‘Orange Free State.” The lochsts then 
destroyed the country before them, leaving in their rear a desolate 
wilderness. They marched uninterruptedly through the village of 
Colesberg, over walls and houses, and destroyed every green thing. 
The plague lasted for weeks, and until the insects obtained wings, when 
the winds soon wafted them away to devastate the lower country until 
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the ocean received them. Any opposition seemed so hopeless that 
none was attempted. I had seen in previous years the devastation 
caused by the Hying locust. Farmers then made attemi^ts to keep the 
locusts from alighting on cultivated lands by making fires to windward 
of the crops, and casting on the fires damp weeds to cause a smoke. 
This mode of defense was always very feeble, and often wholly useless; 
and the standing crops, it might be of eared wheat, were leveled and 
devoured in spite of all that could be done. The flying locusts are a 
favorite food of the natives, and, I may say, of the remainder of animal 
nature, as every creature preys upon them, from the elephant to the 
ant. A flight of locusts settles down pretty closely at nightfall ; and 
they do not, on cold mornings, rise till the sun is well up and has 
warmed them. If they settle lor the night near a native village, the 
population turns out early, and if branches of trees are to be obtained 
the locusts are swept together into heaps, and from thence put into 
bags for conveyance homewards. Locusts are not bad toasted on hot 
ashes ; but the usual way of cooking is to cram them into a pot con- 
taining just enough water to ste<am them over the fire; they are then 
thrown out to dry in the sun, and then the wings and legs are removed 
by brushing the locusts backwards and forwards with a small bush. 
Locusts arc esteemed the most when they are full of eggs. I have often 
been ottered dried locusts, either whole or in coatse powder, at native 
kraals, and have often x)artaken of them and made a good meal. 

“ Later on, in about 1803, we in the Orange Free State were terribly 
taxed with the locusts, first with the flying locusts, which left eggs be- 
hind them, and then, after the rains hatched the eggs, w’e had continued 
attacks from the young. It was in about 1863 that I noticed that the 
marching locust could not climb up to the top of a sheet of corrugated 
iron laid on side against a wall. Every ima^nable device was brought 
into play against the common enflmy, but this town had to give in, and 
it w^as more than once sw-ept clear of all green things. The whole pop- 
ulation turned out from time to time. Rows of people with flags kept 
waving Avere employed, but to no i)urpose. The locusts, at first some- 
what tractable, became wild and broke through our lines. I collected 
some wagon loads of old thatch and took some hundred Kafirs to at- 
tack the enemy in the open outside of the town, laid the thatch in a 
long row in lieaps, got the locusts driven on toward it, ignited the thatch 
and destroyed millions, but still as many millions escaped and remained 
behind to destroy. 1 thought some stench might cause the insect to 
turn aside. I tried paraffine, by trailing long pieces of old crape soaked 
in the oil in front of the invading army, but Avhether the paraffine was 
ignited or not, it made no barrier worth speaking of. However, having 
noticed that the locusts cannot climb up a sheet of corrugated iron, I 
made a fcAV experiments with tin, and found that a Avail could be eflect- 
ually armed against all attack by locusts wdth a strip of tin, say 2 or 3 
inches Avide, nailed, say, flat against it. I thus continued to think the 
matter out and to satisfy myself by a few experiments. It is xfiain that 
if all marching locusts are killed there will remain none to get wdugs 
and fly, and if there be no flying locusts there will be none to lay 
■eggs. Of course, howeA’^er, while there is back country uninhabited, it 
Avill always remain possible that there locusts may breed and come fly- 
ing to us, but still much damage could be prevented by destroying the 
young which appear in our midst. I fully satisfied myself that all 
swarms of marching locusts could be attacked and destroyed, and haA^- 
ing so satisfied myself I communicated my convictions through the 
newspapers to the i^ublic. 1 haA^e continued tVsm'time to time to publish 
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my convictions, but all my trouble bas been of very little effect, for tbo 
countrj" has been repeatedly swept of all verdure by the scourge. At 
one time the Queenstown people suffered much from locusts, and a 
draft bill was framed there to lay before the Cape Colonial legislature. 
The draft act was to enable fines to bo levied upon those proprietors 
of farms who should fail to destroy the locusts which should appear 
upon their properties. In the (Jape Argus I attacked the views 
expressed in the draft bill, and showed how the locusts could be as- 
sailed luul destroyed effectively, and pointed out that the population^ 
as far as need be, ought to be called, out to the assistance of those un- 
fortunates u])ou whose i)roperties the young locusts should appear. 
The draft bill, I think, was not brought Wward in the Parliament. I, 
having recognized that material for assault would be needed, shouhl 
the farmers desire to test my plans, twice addressed mercantile, houses 
at Port Elizabeth, explaining my views and suggesting that they should 
import tin plates cut into strips of 3 inches breadth and 0 or 8 feet long^ 
in boxes, say, of one hundred sheets, for sale to the farmers. Notliing 
came of this. In a subsequent year one Dutch farmer, in the district of 
Panresmith, when the marching locusts came again, went to his district 
towni and begged from the shopkeepers the tin linings of packing cases, 
which arc generally thrown away. He got a quantity, cut it into strips, 
armed therewith his walls, and while every other farmer in the state 
almost lost all his crops, he saved everything. My suggestions had 
])robably been communicated to him. Later on still I satisfied the 
member of the Volksraadfor Bethalie about the effectiveness of tin arm- 
ing, so that he.saved his gardens, lie brought the matter before the 
V'olksraad, and that body, on his motion, voted £100 to be spent in the 
piindiase of rolled sheet zinc in Belgium, under condition that the 
metal should bo resold to Free State«farmers at cost price, to enable 
them to provide armor for tlie walls of their cultivated lands. I would 
have advised in favor of tin instead of zinc had I been consulted, as 
till would maintain its straightness better than zinc. However, tbo 
zinc has to this day never been ordered, and the next visitation will 
find no one prepared. The plans which I had.bronglit forward included 
measures for hostile attack upon young locusts from tlu5 time of first 
appearance in the size of house-flies, or smaller, to final extinction. The 
hist ajipearancc of young locusts found no one prepared. The district 
of Itouxville was attacked. My brotlier-in-law, who had repeatedly 
lieanl my exiilanatious riigarding defense and attack, lived there, and 
he, from Ivouxville and Smithiield, got all the tin linings of packing 
cases which could be procured. His cultivated lands were open oirone 
side, aiubthus wholly exposed to attack. On this side he dug a trench 
of about one foot (leep, and heaped up the soil thus obtained on the 
inner side. He cut up the tin linings into strips of about one foot 
broad, joined them together with rivets, or otherwise, and inserted the 
joined strips into the heaped-iip earth. Not a locust got into his land. 
He next adopted offensive measures, as I had advised. ‘ He joined a 
few strips of tin together, making tw o long strips of, say, 30 feet eaiii,. 
and with the assistance of a few natives placed these upright by lean- 
ing them against some wooden pins driven into the ground, and thus- 
formed a funnel-shaped alley, or an alley in the shape of a truncated V 
in front of an advancing swarm, and provided a hole in the ground 
with perpendicular sides, at the narrow end of the alley. He then, wdth 
his assistants, drove the swarm into the ever-iiarrow iiig alley, the 

whole swarm pressing on and taking the fatal leap into the excavation. 
Thus at a distance from nis cultivated lauds he completely destroyed 
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swarm after swarm, and saved a great part of the district besides his 
own crops and pasturage. The killing of the locusts was edected, as in 
Eajpootana, by covering those collected with earth and stamping the 
earth down. I believe that glazed earthenware tiles would form an 
effective armor for walls. To some rough walls metal could not be 
affixed flat, and for that reason, and also because it would be well, as 
sooH as the plague is over, to remove the metal and pack it away for 
future service, I suggested that blocks should at certain distances, 
about 7 feet (if the tin strips should be 8 feet long), bo built into the walla, 
so that staples could bo inserted into them to support a contrivance of 
iron, shaped like the following diagram, B to be inserted into the staple, 



A to support the ends of two strips of the 0 or 8 feet tin, the fold between 
A and B to be 3 inches long. The staple and block would remain in the 
wall, and the iron contrivance of support for the tin and the sheets of 
tin could safely be stored away after use. The tin would thus be safe 
from theft, and damage from cattle rubbing against it. I calculated that 
the last swarm we had in this district of marching locusts, then pretty 
large already, would have formed a column of one yard square and 20 
miles high. I am fully satisfied that a force (not at all numerous) should 
be called out to attack marching locusts when they appear, and that a 
very small force with a few strips of tin would destroy any invasion of 
locusts. 



Section of ¥^all. A, glazed tile. Section of wall. A, the alox>ing tin strip. B, the 

block. Tho sloping tin strip would act just as 
• well at C. 

The tin being placed in a projecting position would add to tho difficulty of a locust 
passing over it, or rather would wholly preveut its ascent. 
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Locusts after obtaining their full-sized wings begin to pair; the male 
dies early, the female flies until ready to lay or deposit her eggs. She 
bores her tail into the ground till all that remains of her above ground 
is her head, shoulders, and wings: her body then breaks off’, the eggs 
remaining in the natural sheath. The young locusts do not appear until 
rain falls, rain seemingly being necessary towards hatching: but then 
there must be, apparently, a favorable season also, as it is believed that 
eggs remain in the ground unchanged for years, although rains fall. Boers 
have told me that one rain sometimes only vivifles some of the eggs of one 
individual, and that the remainder of the eggs only are affected by a later, 
more penetrating rain. Where the country is open, and there are hills to 
ascend to observe from, the congregated swarms of young locusts are 
easily, at early morn, perceived at a distance, at first in black and after- 
ward in brownish patches, as each swarm congregates together at night. 
In marching the locusts advance with one or more points, so that it is 
easy to lay a trap for them to walk into, and the less they are dis- 
turbed by driving the better. Young locusts cast their skins at least 
twice before they obtain wings.” 

0. s. o. 

Smithfield, January 1, 1879. 

The best mode of protection against flying locusts must greatly de- 
pend upon the state of the wind and the nature of the locality. When 
chased by the different kinds of locust-birds they endeavor to evade 
the birds, so it is useful to imitate birds by attaching strips of white 
calico, like wings, to lines stretched between poles, and to keep them 
fluttering, either by hand or by the force of the wind. 

Telescopic poles for the lines would probably be of much benefit, as 
probably therewith the locusts would ri^e high and pass over the crops. 
Numerous small kites, if there was wind to support them, or small 
balloons to support high lines, would also be useful. 

The above cutting from a late number of the Empire shows that 
locusts have lately been troubling Kazpootana, and 1 see by the last 
papers that the same scourge has been devastating in the Philippine 
Islands. \ 


Locusts in the Philippine Islands in 1878-79. 

In our first report some account was given of the recent appearance 
of locusts in tliivse tropical moist islands. It appears by the following 
newspaper extract that the distress was renewed in 1878 and 1879: 

The Philippine Islands are experiencing a severe drouth, which is aggravated by the 
ravages of locusts, and there is great sutfering among the people, many of whom are 
obliged to subsist on roots.— [Journal, Nov. 23, 1878.] 


The Locust Plague in Bolivia. 

• • 

Ne'W Yobe^ June 26. — ^Panama advices of the 17th state that iBuch 
destitution exists in Bolivia owing to the destruction of crops by lo- 
custs~~18d2« . 
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Locusts in India. 

Kext to southern Eiissia, India is afflicted most by the ravages of 
locusts, and the matter has been investigated by Government petty 
officials, though not by scientific men. 

A dispatch from Calcutta reports that the Government of Madras has telegraphed 
for extra famine officers immediately because of the ravages of the locusts. — [News- 
paper, 1879.] 


Locusts in India, in 1878. 

^ [From the Revenue Report of the Government of Madras, 1878.] 

Nangunert, February 9, 1878. 

The plague of locusts has gone on increasing and very great damage 
has been done, especially to the cumbu, in the Ottapidaram Taluq, and 
also further north. 

The first intimation of this new disaster was from the neighborhood 
of Tattaparai, a station on the railway, a few miles south of Ottapidaram 
itself. They were then moving westward, accompanied by a vast army 
of a kind of reddish-brown grasshoppers, which, it has been conjectured, 
are merely locusts in a preliminary stage of existence, and which at any 
rate consumed every leaf of cumbu as they moved slowly along, and 
probably a good deal of the grain. They progressed so very slowly that 
it was many days before they reached Maniachi (a little more than a week 
ago), and now they appear to be following the line of railway to the 
north, though a considerable number were reported to have been seen 
nearly as far south as Gangqikundau, within 10 miles of Tinnevelly; 
and reports of their arrival in scattered detachments in other parts of 
the district also have been heard, but fortunately not as yet amongst 
the rice crops in the Tambrapurni Valley. 

No one seems to have any idea of their origin ; sind it is equally dark 
as to their destination, or the probable duration of their stay in the dis- 
trict. 

Fortunately, the bulk of the dry crop in the north had been harvested 
before their arrival, and as the rice harvest has also begun, hopes are 
entertained that they will be too late to get any share of it even if they 
come at all. 

The most anxious question at present is whether they will eat cotton 
when there is nothing else left. So far they appear to have left it alone, 
but then there has been abundance of more nourishing food to be got, 
and the owners of an unusually fine crop of cotton are naturally suffer- 
ing terribly from suspense. 

No one seems to have attempted to destroy or get rid of them in any 
way; but a good deal of grain was hastily picked (probably before it 
was quite ripe) as the plague moved on. 

J. B. PENNINGTON, 

Collector of Tinnevelly. 

Sattub, February 7, 1878. 

Locusts appeared jn swjtrms in the village of Sattur and in the fields 
adjacent to it this morning. They have been also going towards the 
western hills, and it is feared they may damage the paddy cultivations 
now in a thriving condition in many of the hill villages in Sankara- 
nainarkovil and Strivilliputtur. • * 
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In a few fields on which ex)tton is cultivated the locusts appeared 
largely. They simply crawl on the ground and one or two fly about the 
stsilk and do not appear to destroy either the leaves or blossoms. How- 
ever, it remains to be seen whether they eat the cotton as they do the 
cumbu or cholum. 

H. SUBBARAYER IYER, 

Acting Deputy Collector of Tinnevelly, 

Proceedings of the Madras Government^ March 20, 1873. 

The attention of the Governor in Council has been drawn to the fre- 
quent notices of the flights of locusts in the reports of district and 
other officers, but whicli liave been unaccompanied by any clear indica- 
tion of the direction of flight or the first known gathering or resting 
places of these insects. The Governor in Council desires, therefore, th.at 
district otlicers will impress upon all sub-collectors, assistants, deputy 
collectors and tahsildars that the Government attach much import- 
ance to accurate information as to the movements of these insects being 
communicated to them ; and the care with which this information is 
obtained may very materially aifect the success of any measures which 
may eventually be found necessary for their destruction or to check 
their ravages. 

C. G. MASTER, 
Secretary to the OpvernmenU 

OOBOOMULPETTA, March 2(>, 1878. 

On the 2l8t and 22d instant, between 13^n. and 2 p. m., a swarm of 
locusts made their appearance in the Kullapurum village of this taluq, 
ai)parently having come down from the Anamallay Hills. They com - 
idetely, or nearly so, destroyed the paddy in Karoongalpathoo (one of 
the divisions into which the nunjah lands of Kullapurum are divideil). 
On being driven from there by the ryots, the locusts entered the nun- 
jah lands of Ramakolum, belonging to Comaralingum village, and de- 
stroyed the paddy crops in about 40 cawnies of land, the produce of 
which was estimated at abOut 300 salagayas, or 24,000 pucka measures. 

Leaving this they betook themselves eastward, passing through Kol- 
umam village, where they also destroyed some paddy. They finally 
entered the ruliii Taluq (Madura district). 

The total damage done by these locusts has been ascertained to be 
Tvorth about Rs. 4,000. 

The swarms were described as being about one mile in length and 
three-fourths of a mile in width, and as they passed they comidetely 
hid the sun from sight. 

J. 11. COOK, 

Special Assistant. 

Arni, May 10, 1878. 

The following suggestions are from J. F. Price, esq., acting collector 
of the Chinglepiit district : 

When in Ciidchipiih I carufiilly considered the subject of the bent way to deal with 
incursions of locusts, and was unable to arrive at any sati^sictory conclusion as to> 
how to meet the difliculty. 1 suggested to the people using nets and beating the 
locusts into them, but was invariably met by the objection that this was impossible. 

I consider that oftVriug rewaids for eggs w'ould produce no results. Indeed, it has 
not yet been shown that these pests breed lu;ro at all. The conditions of Europe and 
America are such that there is no1|iiiuch didiculty, when the energy of the KuiopeaD 
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race is aided by the small extent of country in ■which the locusts can lay their 
undetected, in doing something to put them down. Hero, however, everything is 
against this. Patches of uncultivated country, of greater or less extent, are to bo 
found almost everywhere; the people wfint energy, and are so wedded to their own 
ideas that they will try nothing that is suggested to them. 

I believe myself that with a tine mesh-net so made as to bag in the center, and i)ut 
across the end of a field attacked by locusts, the insects might easilj^ be beaten into- 
it and destroyed ; but it is hopeless to expect natives to do this kind of thing. It 
must be under the suporintendeuce of a European; and thus the crop at stake will 
cost more than it is worth. 

Plotecting fields with (ires, or destroying locusts by this means, is a measure whicli 
cannot bo cfiectcd in southern India. The spots where I have in Cuddax>ah seen the 
locusts doing the most damage are those' where there is hardly enough fuel to be ob- 
tained for cooking purT)oses. 

J. F. PRICE, 

Acting Collector y Chingleput Diatrict. 


Palmanair, June 22, 1878. 

Locusts have not, as yet, made their appearance in this district. The 
accounts which have been published and circulated by the board of 
revenue show very clearly that human elforts are powerless to cope 
with the calamity of a visitation of a swarm of locusts in the mature 
state when their locomotive powers arc fully developed, and that it is 
to the destruction of the young swarms that our attention must be 
specinlly directed. 

There is little doubt that when once the people are made thoroughly 
aware of the terrible loss* that will be the result of apathy or iudilier- 
ence on their part, they will combine to kill the inse cts ; this may best, 
be effected — ^ 

1st. By bringing a number of plows together and as speedily as pos- 
sible plowing up tile lands where the old insects have alighteil and de- 
posited their eggs, while the women and children search the furrows 
and collect the bags of eggs, and for each basket so collected to pay a 
reward of 2 annas. 

2d. After the young locusts have emerged from the ground the swarms 
of crawling insects to be swept into heaps and burnt with fitraw, brush- 
wood, and rubbish placed upon them or else driven into deep treiiches- 
to be dug for the purpose, at the bottom of^ hich lire may be kept burn- 
ing, and they can thus be destroyed in large numbers. This hitter will 
probably be found the most ellicacious remedy ; or they may be buried 
as the trench tills by the excavated soil that should be heaped on the 
further side from the swarm. 

8d. By sweeping the young insects into sacks with wide mouths. 

Much, of course, depends on the nature of the locality where the 
locusts are found, and the possibility of collecting people in suliicient 
numbers to exterminate them. In this district, where there are such 
extensive trjicts covered with thick jungle, it will be difficult to get .at 
the spots where the females deposit their eggs. 

W. S. WUITESTDE, 

Collector of North Arcot. 

Yedarnilur, June 15, 1878. 

Tliis district has hitherto been free from the scourge of locusts. 

In regard to tlie question what step should be taken to rid the 
country of this plague, it is not easy to write with certainty; much 
will depend on the nature of the ground on which the insects first settle^ 
and the direction of the wind. 

It may in some instances be possible to light fires to windward of 



[ 76 ] REPORT UNITED STATES ENTOMOLOGICAL COMMISSION. 

them, and so destroy them either in the flames or smoke. The plan 
wliich may prove most effective will be to dig a trench and drive the 
locustsiiito it. — [From E. F. Webster, esq., collector of Tanjore.] 

Tuticorin, June 19, 1878. 

Tlio locusts which invaded Tuticorin have nearly all been driven by 
the strong west wind, not only to the “ island and Devil’s Point (a 
tongue of land), but over these into the sea. They were all winged, 
and it would not have been possible to catch them. Fire was either fm- 
practicable or inadmissible. They appeared on 11th up to 18th, coming 
apparently from westward; but few are left at present behind the salt- 
pans where fire would be dangerous. — [From F. E. Gibson, esq., sub- 
eollector of Tinnevelly.] 

Trichendur, June 21, 1878. 

A very few locusts have been driven to the coast at Trichendur also. 

J. B. PENNINGTON, 

Collector, 

May 30, 1878. 

With reference to the reports I have lately sent to tl^e Board regard- 
ing the depredations by young locusts, I have the honour to ask whether 
the Board contemplate sanctioning rewards for their destruction. 

While holding that their extermination is a legitimate duty of the 
ryot, the people are so apathetic that perhaps as a special case it might 
be advisable to offer a small reward, say, 2 pies per measure, for all 
young locusts brought to fbe Taluq Cutcherry or produced before a rev- 
enue inspector. This would stimulate the small boys in a village to 
kill them in numbers, and once they get in the way of it the ryots would 
see that the undertaking w^as not so hopeless, as they now consider. 

As to the offer of a reward for the destruction of eggs, I think it would 
be better to give rewards for the destruction of female locusts. Those 
that I have recently caught are gravid, and although there are com- 
paratively few of them, and they are getting fewer every day, it would 
be a good plan to get those that there are destroyed. The female 
locust is ea.sily distinguished from the male. 

I would also suggest a reward of, say, 1 rupee for information as to 
fields or grass lands in which locust eggs have been deposited, leaving 
it to the village authorities to take measures for ploughing them up at 
once. — [From A. McC. Webster, esq., collector of Coimbatore.] 

IFrom H. Tremenheere, esq., acting head assistant collector to A. McC. Webster, esq., 

collector of Coimbatore. ] 

PULLADUM, 3tay 22, 1878. 

In the twelve intermediate miles from Oodoomalpettnh to Peryapatty 
very few traces of locusts were found. In one or two places where they 
were the ryots were in the fields driving them away. Their numbers did 
not appear to be unmanageable. 

At Peryapatty they were in great numbers. The people had tried in 
every way to drive them oft’, but without success. I went to a cholum 
field where a fine crop was being destroyed, and as an experiment or- 
ganized a drive. It Avas interesting as showing to what extent it is 
tiTie that the ryots can do nothing to preserve their crops. This field 
was about a cawny in extent, and there were eleven beaters. Driving 
the insects (few only had wiligc fully developed) foot by foot down into 
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a corner, they there killed great numbers. Meantime, hardly any appre- 
ciable difiFerence could be detected in the number of insects still left 
among the cholum ; it was accordingly beaten again and a larger swarm 
driven out. The ryots filled two large cloths with locusts, which they 
burnt. * 

The field was not large, and the number of men engaged in getting 
rid of the insects was larger than most cultivators can employ. The 
result, however, in this instance, was not discouraging, for though there 
were many thousands of locusts left in the field, yet the crop was for 
the time saved. 

You have been previously asked to sanction a small reward for each 
basketful of dead locusts brought in. If you should not think this ad- 
visable as a Government measure, I hope you will bring it before the 
relief committee. They will probablj^ make grants to those whose crops 
have been destroyed 5 the wiser x)lau would be to try to i)revent the 
destruction. 

Stricter orders have been issued to the revenue inspectors to report 
about locusts. I fear that the real state of matters cannot be under- 
stood from the scanty information at* present aiforded. 


The Board of Kevenues have been addressed with reference to the 
offer of rewards for destruction of locusts. 

A. McO. WEBSTER, Esq., 

Collector^ 


Coimbatore, June 3, 1878. 


April 29, 1878* 


[From J. H. Masters, collector of the Bellary district, April 6, 1878.} 

Reports of large flights ofi locusts have been received from the west- 
ern taluqs of this district. They appeared first about the 19th of March,, 
but the direction they took is not given. 

In the Hadagalli Taluq they appeared first in the Hollal, on the ex- 
treme western border, and took a northeasterly direction. This was 
about the 22d of March. They appeared at Kudlighi on the 3d instant 
from the south, and went in a northeasterly dirc'ction. 

[Inclosure.] 


[From J. G. Firth, esq., ox-deputy collector, Bellary division, April 3, 1878.] 

At 8 a. m. this morning, hearing a great noise of people shouting in 
the direction of the town of Kudlighi, and learning from a Taluq peon 
that locusts had just began to attack the fields, I galloped down to the 
south of and close to the village w^here there are about 200 acres of 
paddy cultivation about half-grown, and saw a large flight of locusts 
about half a mile in width coming from the south. The villagers stand- 
ing in the paddy fields, waving cloths and dried cocoanut branches, 
shouting, firing guns, and lighting fires, succeeded in a great measure 
in preventing the locusts from settling upon the paddy fields and upon 
the gardens of vegetables, &c., in their vicinity. But little damage was 
done to the crops. The locusts proceeded in a northerly direction, leav- 
ing few stragglers behind. 

The locusts were of a reddish-brown color, varying in length to 2^ 
inches. 

J. H. GARSTm, 
Additixmal Secretary to QavernmenU 
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May 7, 1878. 

iFrom Retired Surgeoii-M^or J. Shortt, M. D., to C. A. Galton. osq., acting secre- 
tary to tlie Board of Revenue, dated Yerkaud, March 27, 1878.] 

As locusts are said to be c^iisin^ much destruction in the Tinnebclly 
‘district, I beg to make the following suggestions for their extermina- 
tion: Locusts should be destroyed b^* employing men, women, and 
<;hildren, if available, to inck them off the infested plants, pull off their 
heads, and throw them into a basket for subsequent removal to a pit 
<lug for the purpose, where in the course of time they will form excel- 
lent manure. A search must be made for their eggs in all the districts 
they have infested; these should be collected and burnt. A third ex- 
ploration must be made for the young that may be hatched ; these must 
be destroyed like the mature insect. When locusts have invaded a 
large lield, a flock of sheep or goats, even cattle in large numbers, may 
•be driven through them so as to tramifle them down and destroy them. 

(A true eoi)v and extract.) 

0. A. GALTON, 

Acting Secretary. 

Madura, May 25, 1878. 

They (the locusts) went on increasing in size and number day by day 
and progressed l apidly towards the north and west till at last tliey 
spread over the whole division and destroyed all the flourishing crops 
before them, leaving nothing that could be of any use to the ryots be- 
hind, to the great disai)pointment and fear of the liopeful ryots. They 
do not seem to have disappeared from the district yet, but are met wdth 
here and there in small numbers, though not in swarms as before; and 
nothing i» known of their ultimate destihation or the length of their 
probable stay in the division, and all attempts hitherto made by the 
ryots to destroy them or check their ravages by throwing sand, ashes, 
over them, or by beating drums, &c., with a view to drive them out, 
liave proved futile, and no means, it is rei)orted, can possibly be de- 
vised bv them for their effectual destruction and annihilation. 

SOOEIAMOOllTIA PILLAI, 

Dcimty Collector on General Duties. 

May 23, 1878. 

With reference to your telegram of the 22d instant, I beg respectfully 
to inform you that I proceeded to Pothanore as quickly as possible. The 
Monegar and three or four ryots were present, but did not know where 
the locusts were. 

After Some search in adjoining flelds we came upon three swarms. 
They were all young and wingless, of the same size and color, showing 
that they must be of the same age and species; each group covered a 
.small x)atch of ground, say about 15 by 10 yards. The ryots say these 
young insects must have immigrated from the south; that no large 
flights ever alighted on their fields, though they passed over them more 
tlian a mouth ago; and four or five days back they did not notice this 
pest. ^ 

I got about 40 men with suflicieut material this morning, caused 
rolls of paddy straw and thirty torches to be prepared, got about 15 to 
20 men to carry torches and sticks, and the others carried the straw and 
other materials. . . 
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We proceeded to one of the swarms. The rollsmen threw their straw 
rolls around an occupied tract and completely encircled it; the torchmen 
immediately set fire, at difitereut i)oints, and when the insects moved to- 
ward the center, kept pushing the burning straw with sticks slowly be- 
hind them, killing many during the process. Some of the insects quickly 
escape whenever the parts of the burning material are extinguished. 

The ryots granted that our method was successful, but they betray 
their shortsightedness, as they cannot see the necessity of working 
about insects in a field which does not belong to themselves. . 

Mr. A. riNTO, 

Acting Tahsildar of Coimbatore, 

' • Jellipatty, May 19, 1878. 

T regret to report that a very great portion of the taluq is infested 
with young locusts, whose ravages are very distressing. The southern 
half of the taluq appears to suSer most, and the further south we go 
they are more numerous. All the grass is eaten ui) and nearly all the 
garden crops. They must have bred on the Anamallays and found 
their way down, for the sides of the hills are covered with them, and, 
having eaten up all the pasturage, they may be seen marching deliber- 
ately down to the villages. They are also, so the forest overseer told 
me, eating the young bamboos. 

Arrived at Dhully I rode out to the foot of the hills near Tiroomoor- 
thy povil. Here the ground was literally covered with them. 1 collected 
iibout 100 people, and when 1 saw a large swarm I threw some straw 
over them end set fire to it. Some perislied, but they w^ere only a few 
out of the millions and millions there. In other cases 1 lit a fire half 
iiround them and got the people to drive them in. 

In Dhully and in the village where I am at present eucampi^d, they are 
oven in the houses, and in some cases the people have been obliged to 
leave their houses. The destruction done by these locusts is enormous 
and distressing, w hen w e consider that the cholum now being eaten is the 
third crop the poor ryots have atteini)ted to grow. The cholum stalks 
nre now calculated to feed the cattle for a year, but it is all gone; so 
what will the cattle do, as the grass is also eaten 1 

J. H. COOK, Esq., 

Special Assistant in charge of State Belief IV^orAs. 

llAWALPiNDi Division, Punjab, July 29, 18G3. 

The young locusts have begun to be hatched at Lahore itself, where 
there was previously no suspicion even of eggs having been laid, as 
also in the Gurdaspur district, in vast nundiers. The old locusts have 
been laying their eggs at Sirsa, Hissar, Itohtak, Patiala, and other 
parts of the Sutlej, while they are stated to be laying them broadcast in 
Bikauer and other parts of Kajputana. In the Derajat and Peshawar 
•divisions, as w ell as in Eawalpindi, and it is to be feared throughout the 
Salt Range and elsewhere in the north, the same process appears to be 
going on; so it appears certain the coming crops must be devastated far 
and wide — more especially the cotton crops, wdiich have already begun 
to sufl:er — if the most resolute efforts be not made to destroy the eggs 
and young broods befor<j tlicy attain to maturity. 

It is quite certain that the only stage at which these destroyers can 
be effectively contended with is while the eggs are still in the ground, 
or veiy shortly after the young have been hatched. The most effective 
mode of destroying the ibrmer appears juudoubtedly to be to plow up 
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tlie field repeatedly; while the yoiin^ locusts while only a few days old 
may be destroyed with wonderful facility by driving them gently into 
a small ditch, previously dug for their reception, and then covered with 
earth well pressed down. When they are not above a week old a trench 
of 6 or 8 inches wide and deep, such as two men may form in a few 
minutes, suffices for securing the insects, which jump into it with alacrity, 
and appear wholly unable to extricate themselves from it. 

J. A. B. MILLER, EsQ., 
Financial Commissioner^ Punjab. 

Lahore, Dece^nher 10, 1809, 

Assuming that there are two approved methods of destroying these 
insects, viz., by digging up their eggs, and by driving the young brood 
into shallow trenches dug across their course, it appears to the officiat- 
ing financial commissioner that the villagers in the Punjab areas much 
interested in performing these operations as they would be in endeav- 
oring to extinguish a conflagration which threatened the destruction of 
their houses; and that as a rule no remuneration should be thought of, 
although the collection of the people must be effected by the exhibition 
of authority. 

In the locust visitation of 1863 it is believed that considerable sums 
were defrayed in payment for eggs, which were in several districts bought 
by weight and destroyed; but even in that year the labors of the popu- 
lation generally were not remunerated, nor was any remuneration ex- 
pected. 

During the present year, when locusts have been seen in large num- 
bers, and have also laid their eggs in several districts, no application 
for any payment whatever has been made to this office, although it was 
iutiniated that funds would be provided it* necessary, and it is believed 
that, with one exception, which hascome incidentally to notice, there will 
be no application made. 

There no doubt may be circumstances under which payment would 
be necessary, as, for instance, when the locale of the locusts or their eggs 
is far distant from any village, and the people have to be collected with 
great inconvenience to themselves. 

J. A. E. MILLER, • 
Secretary to Financial Commission^ Punjab. 

Lahore, January 27, 1870. 

I am desired to acknowledge receipt of your letter of the 10th of De- 
cember, communicating the views of the financial commissioner in re- 
gard to expenditures incurred in the destruction of locusts; and to state 
that the honorable the lieutenant-governor concurs generally in these 
views. Where the peoide themselves are engaged in the work of de- 
struction in their own villages, it is certain that no outlay should be 
ordinarily incurred; but exceptional eases may occur where some out- 
lay will be necessary, and amongst them are cases such as referred to in 
your letter, where eggs have been laid at a distance from the villages, 
and then possibly some outlay would have to be incurred, which would, 
in the lieutenant-governor’s opinion, be fairly chargeable to the ac\join- 
ing villages that would be the first to sufl'e^ if the young locusts re- 
mained undestroyed. 

I am also to observe that the destruction of the eggs should, in His 
Honor’s opinion, be, as a rule, discouraged. It is a difficult operation 
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and by no means certainly successful, and the destruction of the young 
when first hatched is an exceedingly simple operation, and certain and 
efiectual in its results. 

T. H. THORNTON, Esq., 

Secretary to GovernmenU 

Diiimbum, June 21, 1878. 

In reply to your memorandum dated 14tli instant, I have the honor 
to inform you that all moiiegars have been directed to send immediate 
rei)orts of the appearance of locusts in their villages. 

1 liave personally destroyed three separate swarms of locusts on these 
hills, and, from all 1 can hear, this is evidently a regular breeding ground. 
Of course some escaped, but 1 believe 1 am not exaggerating when I say 
I desti*oycd millions. 

1 lighted fires about a yard wide in a semicircular form for about 100 
yards, and then with the aid of coolies drove the young locusts into the 
fire j those that attempted to return were killed by the coolies, who 
were armed with branches of trees. In two places I found them so nu- 
merous that I set fire to the grass, as the only means of destroying them. 
So great were the numbers that the smell arising frim tbe burnt insects 
was positively offensive, and I believe that the comparatively few that 
escai)ed were mostly too much hurt to live. 

Nothing will induce the young insects to separate, and 1 found I could 
have a succession of “drives,” as by giving them an hour’s rest those 
that escaped invariably collected together again 5 so I was enabled to 
continue their destruction from 8 a. m. to 5 p. m. 

A. 0. MCGREGOR, 

Deputy Collector Northern Division of Coimhatore. 

Mudived, July 9, 1878. 

I have to report the appearance of locusts in this district. One swarm 
was first noticed by the sub collector yesterday evening at Kandlama- 
diigu, and 1 noticed the same swarm passing to the eastward as I rode 
here this morning. The villagers here tell me that another swarm left this 
village yesterday morning and flew away to the east, but apparently tak- 
ing more northerly direction than the swarm I saw this morning. In 
this village no eggs have been found as yet. Ten acres of very young 
sazza were destroyed in this village, and the leaves of sugar-cane were 
also eaten, but the crops will survive. 

The villagers of Kandlamadugu drove the locusts from their fields, 
and this I believe to be quite possible from the manner in which my 
horse disturbed some locusts this morning. 

Some ten persons trailed branches over the sugar cane, and this failed 
to remove the locusts. If ryots w^ould combine, they could, with the aid 
of cattle, drive locusts from a dry crop and save it, if this be done im- 
mediately a swarm alight. 

The locusts came from the westward, and most probably from the 
Mysore country, where I believe the swarms are ver^- numerous. 

W. D. HORSELY, Esq., 

Collector of Cuddapah. 
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EXPERIENCE WITH THE SPRING CANKER-WORM. 

By Martin A. Howell, Jr., of Greenwood^ Henry County^ Illinois. 

Dear Sir : I take pleasure in subinittiug to you the details, in sub- 
stance, of the means employed to save my apple cro]) during the year 
last ptist, which was threatened with complete extermination by clouds 
of canker worms, which have become a scourge to the orchards of a large 
imrtiou of this part of the State. Having purchased this farm but the 
year previous, being, unaware of their presence in such niiinbers, and 
preoccupied with other duties, I found no time to devote to them such 
attention as the necessities of the case demanded at the late hour their 
discovery was made known to me. 

As a means, however, of reducing the labor of the following season 
of work I procured a competent person to trim the trees of their excess- 
ive central shoots and branches, in order to open up the interior and 
enable us to reach more eftectively our object. (This was done in June.) 
In the interim the soil for some 12 feet distant fnmi the trunk was 
loosened up, a coi)ious dressing of liquid manure turned in, and the 
surface top dressed with good dry compost in order to give all possible 
vigor to the trees to enable them to withstand the shock of the loss of 
foliage and pruning of the present season. 

The following winter of 1877-’78, it will be remembered, was one of 
unusual mildness, the spring opening early, the weather unusually fair, 
and the soil in condition very favorable to insect life. 

During the w arm, showery weather of March, when the bark vras soft 
and friable, I scraped the bark of the trunks and larger branches, after 
which they w'cre washed with a preparation of lime and sulphur Miick- 
ened to the consistency of jiaste, wdth good alkaline soft soap, which 
afforded considerable amusement to the farmers as they passed by, and 
was reckoned a w'aste of time and money to no purpose. 

A casual examination of the trees revealed the jiresence of other 
enemies which had been left comparatively undisturbed for some years 
l)rior to m^" occupation. Among these I will mention the leaf-crump- 
lers in abundance, and the scale, which, in conjunction with the canker 
worm, were making the life of the orchard a brief one. A careful ex- 
amination of some of the nests of the leaf-crum piers brought to light a 
goodly store of eggs, which aroused my suspicion at once ; those were 
placed under a glass and hatched out in the sun in a few days, every 
egg jiroducing a canker worm. I called the attention of several of my 
neighbors to the matter, and advised prompt and decisive measures to 
destroy them early in life. No action was taken by them at the time 
named, and in every case the foliage and crop were entirely destroyed. 
These new-fangled notions of theoretical vTarmers were looked upon 
with much suspicion, and the plucking of the nests of these leaf-crump- 
lers was postponed sine die. 

With the bursting of the leaf buds came swarms of canker worms, 
[ 82 ] * • 
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preying at once upon the tender leaves. Prior to active operations, 
ami before the increase of foliage rendered the task more diHicult, we 
wiped out every nest of tlie tent caterpillar, wdiich began to appear in 
Aie forks of the branches, then in the tendet condition of early existence. 

I then took my garden engine, one procured for this specific purpose, 
with 25 feet of rubber-hose, nozzle and tine rose sprinkler, built a tem- 
porary sled of boards to carry three or four barrels of soft water, and 
with four pounds of pure arsenite of copper, a barrel of soft soap, and 
a team to draw the sled from tree to tree, we commenced our foray on 
these pests of civilization before the foliage could afford a screen to the 
searching spray of the sprinkler. About two pailsful of soap was placed 
in each barrel of water and thoroughly dissolved. A tine No. 80 sieve 
was placed over the tank of the garden engine, which was filled with 
the liquid, great care being taken that no dirt or foreign substance 
passed through, in order to give a fr^e and unobstructed discharge to 
the minutely perforated sprinkler. About two tablespoon fuls of pure 
arsenite of copper was then thrown in the tank and kept well agitated, 
when my assistant mounted the tree, directing his attention to the wash- 
ing of the upper part of the tree, and the lowermost after descending, 
every part being tlioroughly washed. 

• Heavy showers and storms of wind interrupted operations frequently, 
and where any w’^orms escaped destruction they would take advantage 
of the opportunity, drop down on their thread, and swing ott* with the 
wind to adjacent trees; and pass from tree to tree until they reached 
that part of the orchard yet untouched by the wash, until every tree 
so treated was thoroughly cleansed of the worms. These, however, 
were slowly driven west as the work advanced from the opposite 
direction, the wind blowing during the time from the east quite heavily; 
many, as they swung off on their threads, being carried across the road 
into tiie adjoining fields by the force of the wind. An interruption, 
followed by a change of wind to the west, carried many back; which 
necessitated another wavshing; some trees being syringed three and 
four times. In many cases the more mature worms will drop on their 
thread, and remain siis])endcd in mid air for a long time, and are easily 
gathered upon a rod swept quietly along through their webs, drawn 
through the hand, and destroyed. Our orchard being in two parts, 
the new and the old, our first attention was given to the former, as the 
trees were large and laden with blossoms. Here the work was effectual ; 
not a worm left of the millions; and 1 can truly say that there were 
enough worms upon any one tree to consume the foliage of the entire 
orchard had they been left to mature, as the browii-aiid-crisp-appcariiig 
orchards for miles around bore ample evhlence. 

The work completed, the trees burst into an apparently new life, much 
of the scale being destroyed by the later washings, and the resulting 
heavy crop amply repaid us for our labor and trouble. 

Of the trees in the old orchard, which received attention later in the 
season, and upon which there was a comparatively poor promise of fruit 
or future existence, many of the worms ha<l attained sufficient size to 
enable them to escape the searching agent by swinging off and reach- 
ing the ground. 

Here we made other tests in order to check their return to the trees. 
We cleared away the surface for about twelve inches around the collar 
of each tree, pressed the earth down smoothly and compactly, and placed 
thereon a belt of powdered sulphur. We then coated a portion of the 
bark with a plastic solution of boiled linseed oil and rosin. Above this 
a bolt of soft soap and sulphur, each enciililiiig the tree about 8 inches 
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in breadth. The wonderful persistence and determination of this worm 
was. soon manifest, for while many were killed by us in their attempts 
to storm the works, many succeeded during the night in wallowing 
through every obstacle, and agaju succeeded in reaching the brauchesi 

We are. therefore, of the opinion that for practical effect the work 
must bo aono when the worms are just hatched out, while they are in 
their age of tender existence, and as they begin to prey upon the burst- 
ing foliage of early spring. Here we have every worm at our mercy, 
and armed with the proper writ they will not bo slow in their obedience 
to the unpalatable summons. 

While wo write the above report, March 16, we beg leave to intro- 
duce the additional means made use of to prevent, the ravages of these 
pests by preventing the ascent of the female insect to the trees, where 
she deposits her eggs. 

The winter, it will be remembered, was marked by an unusual snow- 
fall, and one of more than ordinary severity ; and from about the 1st of 
December, 1878, to March 10, the ground was covered. The sudden 
approach of warm weather carried off the snow rapidly, and called us 
to action. The drying southwest winds soon brought to life those 
which had escaped into the earth the previous June; but wo were 
prepared to meet them. Our trees were carefully scraped about three 
feet above the collar, and a tenacious and plastic coating of treacle and 
boiled oil, with some rosin, mixed and heated so as to make all homo- 
geneous, was then brushed on, forming a belt about twelve inches. 
This wo watched carefully, and as the ground became drier the num- 
bers increased j the large preponderance being males, which perished 
at once on being hopelessly fixed; while the females, all heavily hnleii 
with eggs, succeeded in wallowing a few inches, where they were Ibiiiid 
firmly adhered in the morning, and killed. 

Tim prevailing strong southwesters and westerly winds, with the 
sudden changes in temperature from 70^ to 22^ below the freezing 
point, wrought such changes in the surface of our plastic composition 
as to require frequent additions on the windward side of the trees, 
glazing them over during the day to such an extent that injiny, with- 
out doubt, passed over during the night in the old orchard; while in 
the new but few were seen at all, and these all secured. The degree of 
cold which these insects can endure is rather surprising when wo con- 
sider the sensitiveness of insect life to the changes of temperature. 
After each of our warm days, when the mercury marked 60° to 70°, 
frost and some ice followed; and though no apparent movement had 
been made by the insects up to 8.30 p. m., with the mercury at 40^, a 
complete cordon of males was found in the morning adhering to the 
bands, aiid what few females had ventured out. On the succeeding 
day w'e noticed the wind veering to the northwest, blowing a gale, and 
at 6 p. m. again recoatecj the trees ; mercury, at 7 p. m., 45^, falling to 
IQo at 6 a. m. On examination we round many insects as before, twenty 
males to one female; and to test the tenacity of life of the latter, we 
suffered many to remain during two days of cold freezing weather, 
with the mercury varying from 10° to 20° in the sun, wind strong, 
northwest, and exposed; ground again frozen,, and covered with a 
light fall of snow. After the second day’s exposure, with the mercury 
at IQo, we carefully gathered them in, exposod them to the warm rays 
of the sun in a room; when immediate signs of life were shown. All 
came through the ordeal uninjured, and in their attempts to crawl off 
were placed between pieces of glass for microscopic observation. The 
pressure of the glass caused large numbers of eggs to exude, every one 
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of which could be seen readily with an ordinary lens. The eggs appear 
to consist of two colors, dark and light, the light predominating in tlio 
proportion in which we And the males predominating in the perfect in- 
slct ; this, evidently, accounting for the variations in the color of the 
worms while preying on the foliage. Of those specimens I have pre- 
served a number as above prepared for future reference. 

Considering, therefore, the severe climatic changes in this region, 
together with the long continued gales of drying winds from the west 
and southwest during the eajly spring months, which calls forth every 
exertion to keep the plastic bands in proper condition, the tenacity 
and persistence of thc^e insects, and their endurance of the extreme 
changes of temperature, the liability of the adhesive coatings to become 
bridged over by floating matter carried along by the winds, we cannot 
fail to conclude that the most imrcticiil means of relief lies in tlio de- 
struction of the grub early in spring after hatching out, and thgt the 
work should be prompt to be effective. 

Permit me to call attention to the use of pure arsenito of copper, as 
imperative to success. I nse the term arsenito of copper in preference, 
frQin the fact that long experience in the use of this poison in manufact- 
uring in the East enables me to assert that the ordinary Paris green sold 
iir our drug stores for agricultural pur|)ose8 is largely composed of sul- 
phate of baryta, the specifle gravity of which misleads those unamistomed 
to its use, and is therefore not arsenite of copper, but an adulteration — 
the greatly increased demand for which, since the advent of the Color- 
ado beetle, by the agriculturist, increased the incentive to adulteration 
by unscrupulous German Jews, who are the principal manipulators in 
this country. Upon this may be laid the causes of failure of many 
to accomfdish the desired end, though particular to follow the details 
of practice. 

Again, the use of a good force pump is requisite. There are many 
such pumps to be procured with air chambers mounted on wheels with 
the capacity of a barrel, which with some twenty -live feet of hose pipe, 
nozzle, and spriTikler cost .about $15. A number of our neighbors have 
procured them since our trials, and where one found the burden of ex- 
pense too great, two or more clubbed together in the purchstso. 

It is the general opinion, if I mistake not, that the canker worm is 
local, in consequence of the fact that the female is wingless, and there- 
fore cannot spread. This I find is .m error, more particularly in this 
locality so lavishly favored with high winds. Caught up by the gales, 
while suspended upon their gossamer web, I have seen multitudes car- 
ried far away, flying thus supported for long distances, reminding one of 
the gossamer spiders which float along on a moderate breeze; using the 
same means of transit comparatively. That they have spread over a 
large portion t)f the Northwest within a few years the blackened and 
seared foliage of our orchards tell — a fearful truth. And it is the settled 
conviction of all our orchardists and farmers that unless the proper 
means are used to destroy thede pests, and before much time has passed 
away, that a crop of apples will be a thing of the past, and our orchards 
will give place to more remunerative purposes. At the present rate of 
destniction by the canker worm and scale there is but a step from the 
living to the dead. 

Prof. C. V. Riley. • 
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COEEIGENDA, 


Page 241, lines 30 and 31, for Lears, read Sears. 

Pago 253, lino 13, for lower, read .basal. 

Page 253, lino 34, for PI. VI, road PI. VIL 
Page 263, line 36, for long, read broad. 

Page 254, lino 18, omit ‘*and K 044 , p. 241, on the hemlock.** 

Pago 254, line 2 from bottom, for MaxiUm, read Idhxillai'y palpi. 

Pago 257, line 10, for long, read broad. 

. Page 257, lino d*from bottom, aftor segment, insert above. 

Pago 258, line 2 from bottom, for shorter, read longer; and lor wider, read narrower. 

Page 259, line 20, for round, read broad. 

Page 259, line 29, for segment, read sogmenta. 

Page 269, line 25, for Fig. 3, read PI. LXIII, llg. 4. 

Page 2C9, last lino, for Gengeubaur's, rend Gogeiibanr’s. 

Pago 271, line 4 Urom bottom, after complete, insert as. 

Pago 287, line 1, for fundamenta, road lundamontal. 

Page 291, line 14, after tho, omit the. 

Pago 291, lino 19, for lobes arc, read lobe is. 

Page 293, lino 13 from bottom, for Corvdelis, read Corydalus. , 

Page 203, line 11 from bottom, for fig. '5, read fig. 2. 

Page 294, tablo, lino 9 of last column, for Physapoda, road Physopoda. 

Pago 294, lino 4 from bottom, for Physapoda, rood Physopoda. 

Page 296, line 19 from bottom, for urites, road nrosteruites. 

•Pago 207, line 2, for Physapoda, read Physopoda. 

Pago 3U0, lino 8 from bottom, fur 3 ocelli, re;id 2-8 ocolli. 

Page 300, line 6 from bottom, for often present, road rarely absent. 

Pago 301, line 21, after any, read carnivorous forms. 

Pago 303, line 3 from bottom, for Betra htungen, road Betrachtungen. 

Pago 304, lino 3, for **“, read 
Page 304, last line, for road 

Page 306, lino 7 from bottom, for met-epistomum, read met-epimorum. 

Pago 307, line 3, for Figs. 10-12, read PL XXTII, figs. 10-12. 

Page 308, line 9 from bottom, omit (PI. XXIV). 

Page 322, line 5 from bottom, for cohbouentia read rr.ATYFTEBA. 

Pago 322, line 4 from bottom, after Plates insert XXXIX. 

Page 322, lino 2 frbra bottom, beforo PL XL, insert PL XXXIX, fig. 8. 

Page 324, lino 8, for sub-epimorite, read sur epimerite. 

Page 325, line 3, for Plate, read Plates. * 

Pago 325, line 5, for figs. 6-8, read figs. 0, 7. ^ 

Page 32^ lino 15, for beade, bing, road bead, bou^. 

Page S26, line 10, for figs. 3. 4, 8, road figs. 3, 4, 8, 9. 

Page 327, line 23, for Fig. 4, read PI. XLIII, 4. 

Page 327, line 8 from bottom, for Fig. 4, read PL XLII, fig. 4. 

Pago 328, line 8, for Fig. 7, read Pi. XLIU, figs. 7-^. 

Page 328, line 13, for Figs. 7-9, read PL XLlf, figs. 7-9. 

Pago 328, linb 18, for ooxse, road trochantines. 

Pago 330, line 5 from bottom, After pronotum, insert (PL XL VIII, fig. 2). 

Pago 330, last line, after fig. 8, insert PL LXlll, fig. 4. 

Page 831, line 5, omit (Fig. 3, v. 5.). 

Page 331, line 16, omit (v. 5). 

Page 332, lines 22, 32, and'33, for trochantine, read coxa. 

Pago 332, lines 24 and 33, for coxa, read trochantine. 

Page 333, lino 22, for E. eupida (Leptophlobia), road E. {Leptophlebia) cupida. 

Page 334, line 9 from bottom, for road epis*. 

Pago 336, lino 8, for gulro, read goiim. 

Page 336, line 11 and last lino, for •«, read 

Page 336, line 27, for Fig. 12, road PL LXIV, fig. 7. 

Page 336, below figure, insert Fig. 14. — 

Page 336, line 39. after (Corydalus)., insert (PI. LXIV, fig. 8.) 

Page 337, line 10, after as large, insert in proportion. 

Page 337, line 15, for Fig. 2, read PL LXIv, ug. 2. * 

Page 337, line 16, for subra-sternito, read supra-opistemito. 

Page 337, lines 19 and 20, for short, ren<l large; and omit the words, The trochantine is very small 1 
9ne*half as large as the coxa. 

Page 337, line 25, for Fig. 12, road FI. LXIV, fig. 3. 

Page 337, lino 28f for undivided, read divided. 

Page 337, lines 29 and 30. omit tlie words, The troeliantine is a little smaller than in tho mr-sothorax. 
Pago 337, line 7 from bottom, for Fig. 4, road PI. LXIV, fig. 4. 

Pago 339, lino 22, for PL LVII, fig. 8, read PI. LVI, figs. 8, 13. 

Pago 340, lino 9 from bottom, after Mantispa., insert (PL LV, fig. 7.). 

Page 340, line 3 from bottom, for suprasternlto, read siipra-eiiisteniite* 

Page 341, line 13^ from bottom, aftor ^anti«pa., insert (PI. LV, fig. 9.). 

Page 342, line 1, after me«o«temiem,Ansert (PL LVI, llg. 11.). 

Page 342, line 3, afti^r meta-, insert (Fig. 12.). 

Page 342, line 6, after mesogUnium, insert (PL LV, fig. 5.). 

Page 342, lino 8, after metosterniim, insert (Fig. 6.). 

Page 342, line 17, for 7th, road 8th. * 

Pago 342, line 29, for Plato LX. read Plates LIX, figs. 6-10 ; LX. 

Page 343, line 5, for fig. 15, road fig. 5. 
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f 9iS] CQftKIOBNDA. 

Pace 348, line 18, for fie. 8, read fie. 8: 

Page 343. lino 22, fot fig. 8^ read flg.U 
. Pago 343, below figiiro. inaert Fig. 18.^ 

Page ^4, line 3, for Fig. , read Fig. 

Pago 344, liu^S, for Vig. — , read Fig. 1.^ 

Pago 344, liu920, for Fig. 5. read Fig. 4. 

Pago 344, line 23, for ^.roaa 2. 

Page 344, line 3 from bottom, for 2*rhi/ganea read Phruaanetk 
Page 345, lino 13, for is notaubdlTidou, read is divideu. 

Page 345, line 18, for cox», road trocliautiues. 

Page 345, line 16-17, for trochautiue, road coxa. 

Page 345, line 17, for eoxa, read trofbantiuet 
Page^34.5, line 20, for coxm, road trmjhantinea. « 

Page 345; line 21, for. trochan tine road oolta. 

Page 345, lino 14 from bottom, for urites, read nro8ternitea. 

Page 345, line 3 from bottom, omit tbo * after Brauor. 

Pago 346, lino’ll, for cricket read crickets. 

Page 340, lino 8 from bottom, for Orthoptdnua road Ortbopterons. 

Page 347, folio line, for jilue.stone, read c;EOaRAi*HiCAL distribution OF ROCKT IfOUftTAIN LOCUST. 
Page 347, line 5, for Myrlpods read Myriopods. 








